United States Patent and Trademark Office 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

Address: COMMISSIONER FOR PATENTS 
P.O.Box 1450 

Alexandria, Virginia 22313-1450 
www.uspto.gov 



APPLICATION NO. 


FILING DATE 


FIRST NAMED INVENTOR 


ATTORNEY DOCKET NO. 


CONFIRMATION NO. 


09/978,123 


10/15/2001 


Angel Jane v ski 


US 010517 


3796 



24737 7590 02/18/2009 

PHILIPS INTELLECTUAL PROPERTY & STANDARDS 
P.O. BOX 3001 

BRIARCLIFF MANOR, NY 10510 



EXAMINER 



DUNN, MISHAWN N 



PAPER NUMBER 



2621 



MAIL DATE 



02/18/2009 



DELIVERY MODE 



PAPER 



Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 



PTOL-90A (Rev. 04/07) 



UNITED STATES PATENT AND TRADEMARK OFFICE 



BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 



Ex parte ANGEL JANEVSKI 



Appeal 2009-0671 
Application 09/978,123 
Technology Center 2600 



Decided: 1 February 18, 2009 



Before JOHN A. JEFFERY, MARC S. HOFF, and KARL D. EASTHOM, 
Administrative Patent Judges. 

JEFFERY, Administrative Patent Judge. 



1 The two-month time period for filing an appeal or commencing a civil 
action, as recited in 37 CFR § 1.304, begins to run from the decided date 
shown on this page of the decision. The time period does not run from the 
Mail Date (paper delivery) or Notification Date (electronic delivery). 



Appeal 2009-0671 
Application 09/978,123 

DECISION ON APPEAL 
Appellant appeals under 35 U.S.C. § 134 from the Examiner's 
rejection of claims 1, 2, 4-9, 11-16, and 18-22. Claims 3, 10, and 17 have 
been indicated as containing allowable subject matter (Ans. 2). We have 
jurisdiction under 35 U.S.C. § 6(b). We affirm- in-part and enter a new 
ground of rejection under 37 C.F.R. § 41.50(b). 

STATEMENT OF THE CASE 
Appellant invented a system, receiver, method, and datastream for 
content-based recording. The method includes receiving a broadcast and 
demodulating a field from the broadcast. The field is compared to a 
template. If there is threshold of similarity between the field and template, 
the field is saved so the user can view the broadcast at a later time. 2 Claim 1 
reads as follows: 

1. A system for video content-based selection of programming 
for recording comprising: 

a connection for receiving broadcast programming; and 

an image processor comparing a demodulated field from 
the received broadcast programming to a template defining 
characteristics of video content desired to be recorded and 
saving the field in response to determining at least a threshold 
level of similarity between the field and the template. 

The Examiner relies upon the following as evidence in support of the 
rejection: 

Tajima US 6,928,231 B2 Aug. 9, 2005 

(filed Apr. 2, 2001) 

2 See generally Spec. 3:3-15, 9:13-10:4, 16:5-13 and 17:1-10. 
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Claims 1, 2, 4-9, 11-16, and 18-22 stand rejected under 35 U.S.C. 
§ 102(e) as being anticipated by Tajima. 

Rather than repeat the arguments of Appellant or the Examiner, we 
refer to the Briefs and the Answer for their respective details. In this 
decision, we have considered only those arguments actually made by 
Appellant. Arguments which Appellant could have made but did not make 
in the Briefs have not been considered and are deemed to be waived. See 37 
C.F.R. §41.37(c)(l)(vii). 

Claims 1, 2, 4-9, 11-16, and 18-21 
The Examiner finds that Tajima discloses every feature recited in 
independent claim 1, including a processor that compares a demodulated 
field to an image from a database or template (Ans. 3 and 4). Appellant 
contends that Tajima extracts facial features from a video signal, produces a 
normalized face image, and compares this extracted and normalized face 
image to another normalized face image (App. Br. 4 and 6; Reply Br. 4). In 
Appellant's view, this purported extracted and normalized face image is not 
a demodulated field, and thus, Tajima does not compare u a demodulated 
field from the received broadcast programming to a template" as recited in 
claim 1 (App. Br. 4-7; Reply Br. 1-4). 



Throughout this opinion, we refer to (1) the Appeal Brief filed December 
6, 2006, (2) the Examiner's Answer mailed March 22, 2007, and (3) the 
Reply Brief filed May 22, 2007. 
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ISSUE 

Has Appellant shown the Examiner erred in finding that Tajima 
discloses an image processor "comparing a demodulated field from the 
received broadcast programming to a template . . . and saving the field in 
response to determining at least a threshold level of similarity between the 
field and the template" in rejecting claim 1 under § 102? 



FINDINGS OF FACT 
The record supports the following findings of fact (FF) by a 
preponderance of the evidence. 

1. The Specification has no definition of "field" but does discuss a 
field or frame (Spec. 10:1-3 and 16:6-7). 

2. The Specification describes a template 203 as full field image 
having white region 204a-e (Spec. 9:15-19 and 10:16-20; Fig. 2c). 

3. The Specification states that a tuner is capable of demodulating 
broadcast programming (Spec. 7:15-17). 

4. Wiley Encyclopedia of Electrical and Electronics Engineering 
defines a field as u a picture with half the resolution" and that a frame 
consists of two fields. 4 



4 Alan Godber & James R. Redford, Television Broadcast Transmission 
Standards, Wiley Encyclopedia of Electrical and Electronics 
Engineering 573 (Dec. 27, 1999), available at 

http://mrw.interscience.wiley.com/emrw/9780471346081/eeee/articleAV 
l/current/html?hd=All,television&hd=All,broadcast. 
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5. Tajima discloses a video signal 1 is outputted from a tuner 
(Tajima, col. 5, 11. 39 and 40; Fig. 1). 

6. Tajima states that signal 1 consists of sequential pictures of 
thirty frames per second (Tajima, col. 5, 11. 48 and 49). 

7. Tajima discloses the signal 1 enters a face detecting means 2 
(Tajima, col. 5, 11. 52-59; Fig. 1). 

8. Tajima discloses the face detecting means 2 transforms the 
signal 1 into a low resolution image 202 and outputs a face identifying 
region 207. The face identifying region 25 corresponds to the face 
identifying region 207 (Tajima, col. 6, 11. 43-46 and col. 7, 11. 1-14 and 22- 
24; Figs. 2-4). 

9. Video signal 1 is inputted into the normalizing means 3. Using 
the face identifying region 207, the face of signal 1 is normalized and a 
normalized face image 26 is outputted (Tajima, col. 5, 11. 52-56 and col. 7, 11. 
24-27; Figs. 1 and 4). 

10. The normalized face image 26 is sent to the face identifying 
means 6 for comparison with a normalized face image 51 from a database 5 
to determine whether there is a match or level of similarity (Tajima, col. 5, 1. 
56- col. 6, 1. 14, col. 7, 11. 26 and 27, and col. 9, 11. 49-61; Figs. 4 and 5). 

11. Once a comparison has been made and if a degree of similarity 
exists between the normalized face images 26 and 51, a match or conformity 
signal 62 is sent to the video signal recording means 9 (Tajima, col. 6, 11. 1- 
7). 

12. Tajima discloses that a video signal from video delay means 8 
is recorded or stored (Tajima, col. 6, 11. 7-17; Fig. 1). 
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PRINCIPLES OF LAW 

U A claim is anticipated only if each and every element as set forth in 
the claim is found, either expressly or inherently described, in a single prior 
art reference." Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 
628, 631 (Fed. Cir. 1987). 

During examination of a patent application, a claim is given its 
broadest reasonable construction u in light of the specification as it would be 
interpreted by one of ordinary skill in the art." In re Am. Acad. OfSci. Tech. 
Or., 367 F.3d 1359, 1364 (Fed. Cir. 2004). u [T]he words of a claim 'are 
generally given their ordinary and customary meaning."' Phillips v. AWH 
Corp., 415 F.3d 1303, 1312 (Fed. Cir. 2005) (en banc) (internal citations 
omitted). u [T]he ordinary and customary meaning of a claim term is the 
meaning that the term would have to a person of ordinary skill in the art in 
question at the time of the invention, i.e., as of the effective filing date of the 
patent application." Id. at 1313. 

ANALYSIS 

As Appellant's arguments primarily focus on Tajima's alleged failure 
to disclose an image processor comparing a "demodulated field" with a 
template as recited in claim 1 (App. Br. 4-7; Reply Br. 1-4), we first 
determine the scope of the above-quoted phrase. The Specification uses the 
term "field" as an alternative to "frame" on numerous occasions (FF 1) and 
describes a template 203 as a full field image (FF 2). However, the 
Specification provides no definition of the term "field" (FF 1). Thus, the 
term "field" will be given its ordinary and customary meaning to an 
ordinarily skilled artisan. Phillips, 415 F.3d at 1312. In television 
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broadcasting, a field is defined as u a picture with half the resolution" and a 
frame consists of two fields (FF 4). Thus, we find that the phrase 
"demodulated field" customarily means a demodulated picture with half the 
resolution. 

Tajima discloses that a video signal 1 is outputted from a tuner (FF 5). 
The Examiner finds that the video signal 1 fed through a tuner is a 
demodulated signal (Ans. 5), and the Specification supports this position (FF 
3). Additionally, Tajima discloses that the signal consists of a sequence of 
pictures made up of thirty frames per second (FF 6). As two fields make up 
a frame (FF 4), Tajima also discloses that a demodulated signal consisting of 
fields enters the face detecting means 2 (FF 7). This signal 1 enters the face 
detecting means 2 and a portion of a picture or face identifying region 207 
corresponding to the face identifying region 25 (FF 8) is outputted to the 
normalizing means 3 (FF 8 and 9). 

Video signal 1 is also inputted into the normalizing means 3 (FF 9). 
Using face identifying region 207, the face of video signal 1 is normalized. 
{Id.). The resulting output 26 to face identifying means 6 is the video signal 
1 with the region of the image having the face being normalized. {Id.). 
Thus, contrary to Appellant's assertions (App. Br. 4-6; Reply Br. 4), the face 
region is not extracted from the image for comparison. Rather, this region of 
the image is normalized (FF 10). The face identifying means 6 of Tajima 
compares this normalized face image 26 with a normalized face image from 
a database 5 in order to determine if a similarity exists between the two (FF 
10). Tajima, therefore, discloses that a demodulated image 26 is compared 
to a database's image 51 or template. 
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Moreover, as a frame or image includes two fields (FF 4), the 
processor of Tajima compares two fields to the template. Appellant argues 
that comparing two fields is not what is recited in claim 1 (Reply Br. 3). 
However, courts have "repeatedly emphasized that an indefinite article 'a' or 
'an' in patent parlance carries the meaning of 'one or more' in open-ended 
claims containing the transitional phrase 'comprising.'" KCJ Corp. v. 
Kinetic Concepts, Inc., 223 F.3d 1351, 1356 (Fed. Cir. 2000). As claim 1 
recites the transitional phrase "comprising," the limitation of "comparing a 
demodulated field" in claims carries the meaning of comparing one or more 
fields. Tajima, therefore, discloses the limitation of "an image processor 
comparing a demodulated field from the received broadcast programming to 
a template" as recited in claim 1. 

However, if a degree of similarity exists between the image 26 and 
template 51, Tajima sends a match or conformity signal 62 to the video 
signal recording means 9 (FF 11). Tajima then discloses a video signal from 
video delay means 8 is recorded (FF 12). As the saved video signal is not 
the demodulated field compared with the template, Tajima fails to disclose 
"an image processor . . . saving the field in response to determining at least a 
threshold level of similarity between the field and the template" (emphasis 
added) as recited in claim 1. 

For the foregoing reasons, Appellant has shown error in the 
Examiner's anticipation rejection of claim 1 based on Tajima. As 
independent claims 8 and 15 include limitations that are commensurate in 
scope with the "saving the field" recitation of claim 1, Appellant has also 
shown error in the Examiner's anticipation rejection of claims 8 and 15 
based on Tajima. 
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Accordingly, we will not sustain the Examiner's rejection of 
independent claims 1, 8, and 15 or dependent claims 2, 4-7, 9, 11-14, 16, and 
18-21. 

Claim 22 

Claim 22 varies in scope from claim 1 and recites a datastream having 
a broadcast programming stream and at least one template. Additionally, 
claim 22 does not recite structure or the step for saving the field in response 
to determining a level of similarity between the field and template. The 
Examiner finds that Tajima discloses every feature recited in independent 
claim 22 (Ans. 3-4). Appellant contends that Tajima does not disclose a 
datastream with both the broadcast programming stream and a template 
(App. Br. 9-12; Reply Br. 5-6). Appellant also reiterates the arguments 
made with respect to claim 1, stating that Tajima does not disclose selecting 
a portion of the broadcast to record based on the similarity of a field of the 
broadcast and a template (App. Br. 9-12). 

ISSUES 

(1) Has Appellant shown the Examiner erred in finding that Tajima 
discloses a datastream having a broadcasting programming stream and at 
least one template in rejecting claim 22 under § 102? 

(2) Has Appellant shown the Examiner erred in finding that Tajima 
discloses u at least one template suitable ... for recording based upon a 
similarity of a field within the selected portion of the broadcast 
programming stream to the at least one template" in rejecting claim 22 under 
§ 102? 
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ADDITIONAL FINDING OF FACT 
The record supports the following additional finding of fact (FF) by a 

preponderance of the evidence. 

13. The Specification states that the template may be transmitted 

using the same broadcast medium as the video programming or through a 

different connection (Spec. 11:1-8). 

ANALYSIS 

The Specification states that the template may be carried on a 
different medium or connection than the video programming (FF 13). Thus, 
giving the term "datastream" the broadest reasonable interpretation in light 
of the Specification, we find that the recited broadcast programming stream 
and the template of claim 22 do not have use the same broadcast medium to 
read on a "datastream." Tajima discloses a broadcast programming stream 1 
that includes selected broadcast programming 26 (FF 5 and 10). A portion 
of the broadcast programming stream (e.g., the stream carrying the face of 
interest) is selected by a receiver (e.g., face identifying means 6 is part of the 
video receiver) to be processed at face normalizing means 3 (FF 8-10). 
While the portion of the selected broadcast programming 26 has been 
normalized in the region defined by face identifying region 207 (FF 9), the 
image 26 still remains a broadcast programming stream. 

As stated above, the similarities between this transmission and a 
normalized face image 51 originating from a different connection (e.g., face 
image database 6) are measured (FF 10). Using the broadest reasonable 
interpretation of the term "datastream" in light of the Specification to 
include data obtained from different media (see FF 13), Tajima discloses a 
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datastream having both a selected broadcast programming 26 and at least 
one template 51. Additionally, when the selected broadcast program 26 and 
the template 51 are being compared within the face identifying means 6 (FF 
10), Tajima discloses the same broadcast medium containing both the 
program 26 and template 51. Thus, Tajima discloses a "datastream" having 
both the selected broadcast programming and at least one template as recited 
in claim 22. 

With regard to Appellant's argument that Tajima does not compare a 
field with a template (App. Br. 12), we refer Appellant to the previous 
discussion of claim 1 and how Tajima discloses a field that is compared with 
template 51. Additionally, as stated above, Tajima discloses selecting a 
portion of a broadcast stream to record (FF 11 and 12) based on the 
similarity of a field 26 to a template 51. Moreover, since claim 22 includes 
the open-ended transitional phrase "comprising," the recitation to "a field" 
encompasses one or more fields. See Kinetic Concepts, 223 F.3d at 1356. 
Finally, the recording is also based upon a similarity of a field 26 originating 
from or within the selected portion of the broadcast stream (FF 5-10). Thus, 
Tajima discloses the recitation of u the at least one template is suitable for . . . 
recording based upon a similarity of a field within the selected portion of the 
broadcast programming stream to the at least one template." 

For the foregoing reasons, Appellant has not shown error in the 
anticipation rejection of independent claim 22 based on Tajima. We, thus, 
will sustain the rejection of claim 22. 
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New Ground of Rejection Under 37 C.F.R. § 41.50(b) 

Under 37 C.F.R. § 41.50(b), we enter a new ground of rejection under 
35 U.S.C. § 103(a) for claim 22. 

Claim 22 is rejected under 35 U.S.C. § 101 because the claimed 
invention is directed to non-statutory subject matter. 

Independent claim 22 recites, in pertinent part, a datastream 
comprising u a broadcast programming stream" and u at least one template." 
Appellant admits that the recited broadcast programming stream can be a 
signal (App. Br. 3). The Specification also discloses that "templates 106 
may be created within video receiver 100, distributed to the subscriber 
through broadcast transmission or physical media (e.g., CD-ROM), or 
downloaded via the Internet from a variety of sources" (Spec. 13:1-4) 
(emphasis added). The Specification also states in other sections that the 
templates include a broadcast medium or communication link (Spec. 11:1-8 
and 18:6-8). Thus, reading independent claim 22 in light of the 
Specification, the recited "datastream" encompasses a signal that performs 
the recited operations. 

Signals are not patentable subject matter under § 101. In re Nuijten, 
500 F.3d 1346, 1357 (Fed. Cir. 2007). Therefore, when read in light of the 
Specification, independent claim 22 includes both statutory subject matter 
(instructions stored on a tangible medium) and non- statutory subject matter 
(instructions conveyed by a signal). According to USPTO guidelines, 
however, such claims must be amended to recite solely statutory subject 
matter. 5 



5 See MPEP, Rev. 6, Sept. 2007 ("MPEP") § 2106(IV)(C)(2)(2)(a) ( U [A] 
claim that can be read so broadly as to include statutory and nonstatutory 
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For the foregoing reasons, independent claim 22 does not recite 
statutory subject matter under 35 U.S.C. § 101. 

CONCLUSIONS 

(1) Appellant has shown that the Examiner erred in finding Tajima 
discloses an image processor "comparing a demodulated field from the 
received broadcast programming to a template . . . and saving the field in 
response to determining at least a threshold level of similarity between the 
field and the template" and similar recitations in rejecting claims 1, 8, and 15 
under § 102. 

(2) Appellant has not shown the Examiner erred in finding that Tajima 
discloses a datastream having a broadcasting programming stream and at 
least one template in rejecting claim 22 under § 102. 

(3) Appellant has not shown that the Examiner erred in finding Tajima 
discloses u at least one template suitable ... for recording based upon a 
similarity of a field within the selected portion of the broadcast 
programming stream to the at least one template" in rejecting claim 22 under 
§ 102. 

(4) We have entered a new ground of rejection for claim 22 under 

§ 101. 



subject matter must be amended to limit the claim to a practical 
application.") 
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ORDER 

We reverse the Examiner's rejection of claims 1, 2, 4-9, 11-16, and 
18-21 and affirm the Examiner's rejection of claim 22. We have also 
entered a new ground of rejection under 37 C.F.R. § 41.50(b) for claim 22. 

This decision contains a new ground of rejection pursuant to 37 
C.F.R. § 41.50(b). 37 C.F.R. § 41.50(b) provides that u [a] new ground of 
rejection . . . shall not be considered final for judicial review." 

37 C.F.R. § 41.50(b) also provides that the Appellant, WITHIN TWO 
MONTHS FROM THE DATE OF THE DECISION, must exercise one of 
the following two options with respect to the new ground of rejection to 
avoid termination of the appeal as to the rejected claims: 

(1) Reopen prosecution. Submit an 
appropriate amendment of the claims 
so rejected or new evidence relating 
to the claims so rejected, or both, and 
have the matter reconsidered by the 
examiner, in which event the 
proceeding will be remanded to the 
examiner. . . . 

(2) Request rehearing. Request that 
the proceeding be reheard under § 
41.52 by the Board upon the same 
record. . . . 
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No time period for taking any subsequent action in connection with this 
appeal may be extended under 37 C.F.R. § 1.136(a)(l)(iv). 



AFFIRMED-IN-PART 
37 C.F.R. §41. 50(b) 



ELD 



PHILIPS INTELLECTUAL PROPERTY & STANDARDS 
P.O. BOX 3001 

BRIARCLIFF MANOR, NY 10510 
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EVIDENCE APPENDIX 

Alan Godber & James R. Redford, Television Broadcast Transmission 
Standards, Wiley Encyclopedia of Electrical and Electronics 
Engineering 573 (Dec. 27, 1999), available at 

http://mrwinterscience.wiley.com/emrw/978047 1 34608 1/eeee/article/W 152 
l/current/html?hd=All,television&hd=All,broadcast. 
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that the change in the characteristics with a change in fre- 
quency becomes more severe with increasing trap length l ti 
and the bandwidth becomes small, while a short trap length 
4 shows a small change and a tendency for the bandwidth to 
become wide. For Z t = 0, a wide bandwidth for pattern and 
gain was obtained for the 2L type. The input impedance has 
a value very close to 50 O, essentially the same as the charac- 
teristic impedance of the feed cable over a very wide fre- 
quency range. Thus, a satisfactory explanation was given 
with regard to the matching conditions. Popular television an- 
tennas cover the properties of many basic types of antennas 
which are the mainstream of antenna technology, It has been 



TELEVISION BROADCAST TRANSMISSION 
STANDARDS 

Since the invention of television, the images and sound have 
been captured^ processed, transmitted, received, and dis- 
played using analog technology, where the picture and sound 
elements are represented by signals that are proportional to 
the image amplitude and sound volume. 

In more recent years, as solid-state technology has devel- 
oped, spurred primarily by the development of computers, 
digital technology has gradually been introduced into the 
handling of the television signal, both for image and sound. 
The digital electric signal representing the various elements 
of the image and sound is composed of binary numbers that 
represent the image intensity, color, and so on, and the sound 
characteristics. 

Many portions of television systems are now hybrid combi- 
nations of analog and digital r and it is expected that eventu- 
ally all television equipment will be fully digital, except for 
the transducers, cameras, and microphones (whose inputs are 
analog) and the television displays and loudspeakers (whose 
outputs are analog). 

The currently used broadcast television transmission stan- 
dards [National Television Systems Committee (NTSC), 
phase alternate line (PAL) r and sequential and memory 
(SECAM)] for 525- and 625-line systems were designed 
around analog technology; and although significant portions 
of those broadcast systems are now hybrid analog/digital or 
digital, the "over the air" transmission system is still analog. 
Furthermore, other than for "component" processed portions 
of the system, the video signals take the same "encoded" form 



J. Webster (ed,), Wiley Encyclopedia of Electrical and Electronics Engineering. Copyright © 1999 John Wiley & Sons, Inc. 
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from studio camera to receiver and conform to the same 
standard. 

The recently developed ATSC Digital Television Standard, 
however, uses digital technology for "over the air" transmis- 
sion, and the digital signals used from the studio camera to 
the receiver, while they represent the same image and sound, 
differ in form in portions of the transmission system. This 
variation is such that in the studio, maximum image and 
sound information is coded digitally; but during recording, 
special effects processing, distribution around a broadcast fa- 
cility, and transmission, the digital signal is "compressed" to 
an increasing extent as it approaches its final destination at 
the home. This permits practical and economical handling of 
the signal. 

ANALOG TELEVISION SYSTEMS 
Black-and-White Television 

It is the purpose of all conventional broadcast television sys- 
tems to provide instantaneous vision beyond human sight, a 
window into which the viewer may peer to see activity at an- 
other place. Not surprisingly, all of the modern systems 
evolved to have similar characteristics. Basically, a sampling 
structure is used to convert a three-dimensional image (hori- 
zontal, vertical, and temporal variations) into a continuous 
time-varying broadband electrical signal This modulates a 
high-frequency carrier with the accompanying sound, and it 
is broadcast over the airwaves. Reasonably inexpensive con- 
sumer television sets are capable of recovering the picture 
and sound in the viewer's home. 

Image Representation, The sampling structure first divides 
the motion into a series of still pictures to be sequenced rap- 
idly enough to restore an illusion of movement. Next, each 
individual picture is divided vertically into sufficient seg- 
ments so that enough definition can be retrieved in this di- 
mension at the receiver. This process is called scanning. The 
individual pictures generated are known as frames,, eaeh of 
which contains scanning lines from top to bottom. 

The number of scanning lines necessary was derived from 
typical room dimensions and practical display size. Based on 
the acuity of human vision, a viewing distance of four to six 
picture heights is intended. The scanning lines must be capa- 
ble of enough transitions to resolve comparable definition hor- 
izontally. The image aspect ratio {width /height) of all conven- 
tional systems is 4:3, from the motion picture industry 
"academy aperture." All systems sample the picture from the 
top left to bottom right. 

In professional cinema, the projection rate of 48 Hz is suf- 
ficient to make flicker practically invisible. Long-distance 
electric power distribution networks throughout the world use 
slightly higher rates of 50 Hz to 60 Hz alternating current. 
To minimize the movement of vertical (< hum" in the picture 
caused by marginal filtering in direct current power supplies, 
the picture repetition rate was made to equal the power line 
frequency. 

A variation of this process used by all conventional sys- 
tems is interlaced scanning; whereby every other line is 
scanned to produce a picture with half the vertical resolution, 
known as a field. The following field "fills in" the missing lines 
to form the complete frame. Each field illuminates a sufficient 



portion of the display so that flicker is practically invisible, 
yet only half the information is being generated, This con- 
serves bandwidth in transmission. For both fields to start and 
stop at the same point vertically* one field must have a half 
scanning line at the top, and the other field must have a half 
scanning line at the bottom of the picture. This results in an 
odd number of scanning lines for the entire frame. 

Mechanical systems using rotating disks with spiral holes 
to scan the image were investigated in the 1920s and 1930s, 
but these efforts gave way to "all electronic" television. Prior 
to World War II, developers in the United States experi- 
mented with 343-line and 441-line systems. Developers in 
Great Britain began a 405-line service, and after the war, the 
French developed an 819-line system, but these are no longer 
in use. 

Synchronization. In most of North and South America and 
the Far East, where the power line frequency is 60 Hz, a 525- 
line system became the norm. This results in an interlaced 
scanning line rate of 15.750 kHz. The development of color 
television in Europe led to standardization of 625 lines in 
much of the rest of the world* The resulting line frequency 
with a 50 Hz field rate is 15.625 kHz. The similar line and 
field rates enable the use of similar picture tube deflection 
circuitry and components. Horizontal and vertical frequencies 
must be synchronous and phase-locked, so they are derived 
from a common oscillator. 

Synchronization pulses are inserted between each scan- 
ning line (Fig. 1) and between each field to enable the televi- 
sion receiver to present the picture details with the same spa- 
tial orientation as that of the camera. The sync pulses are of 
opposite polarity from the picture information, permitting 
easy differentiation in the receiver. The line sync pulses, oc- 
curring at a faster rate, are narrower than the field sync 
pulses, which typically are the duration of several lines. Sync 
separation circuitry in the receiver discriminates between the 
two time constants. Sync pulses cause the scanning to rapidly 
retrace from right to left and from bottom to top. 

Blanking, To provide time for the scanning circuits to repo- 
sition and stabilize at the start of a line or field, the picture 
signal is blanked, or turned off, This occurs just before (front 
porch) and for a short time after {back porch) the horizontal 
sync pulse, as well as for several lines before and after verti- 
cal sync. During vertical sync, serrations are inserted to main- 
tain horizontal synchronization. Shorter equalizing pulses are 
added in the several blanked lines before and after vertical 
sync (Fig. 2), All these pulses occur at twice the rate of normal 
sync pulses so that the vertical interval of both fields (which 
are offset by one-half line) can be identical, simplifying cir- 
cuit design. 

Additional scanning lines are blanked before the active pic- 
ture begins; typically there is a total of 25 blanked lines per 
field in 625-line systems and 21 blanked lines per field for the 
52 5 -line system M. Modern television receivers complete the 
vertical retrace very soon after the vertical sync pulse is re- 
ceived* The extra blanked lines now contain various ancillary 
signals, such as for short-time and line-time distortion and 
noise measurement, ghost cancellation, source identification, 
closed captioning, and teletext. 

Fields and lines of each frame are numbered for technical 
convenience. In the 625-line systems, field 1 is that which be- 
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gins the active picture with a half line of video. In the 525- 
line system M, the active picture of field 1 begins with a full 
line of video. Lines are numbered sequentially throughout the 
frame, beginning at the vertical sync pulse in the 625-line 
systems. For the 5254ine system M, the line numbering be- 
gins at the first complete line of blanking for each field. Field 
1 continues halfway through line 263, and then field 2 contin- 
ues through line 262. 



Signal Levels, During blanking, the video signal is at 0 V, 
the reference used to measure picture (positive-going) and 
sync (negative-going) levels. Signal amplitudes are measured 
directly in millivolts, except, because of changes made during 
the conversion to color, the 5254ine system uses IRE units. A 
specialized oscilloscope is used to monitor characteristics of 
the signal amplitude and period. The waveform monitor has 
its voltage scale calibrated in millivolts (or IRE units for 525- 
line applications), and its time base is calibrated to scanning 
line and picture field rates, as well as in microseconds (Fig. 3). 

Originally, the 525Ame system used an amplitude of 1 V 
peak-to-peak (p-p) for the picture information, and it used 0.4 
V for sync. So that color information (modulated onto a subc- 
arrier which can extend above peak white level) could be ac- 
commodated within the same dynamic range of existing 
equipment, the 1.4 V p-p sealing was compressed in ampli- 
tude to 1 V p-p. This created fractional voltage levels for peak 
white (714.3 mV) and sync (-286.7 mV), so a 1 V scale of 140 
IRE units was adopted to simplify measurement. The 625-line 
standards did not have this historical complication. The peak 
white level is 700 mV, and sync level is ™3QQ mV. 



Another anachronism of the 525-line system is the use of 
a direct-current (dc) offset of the picture black from blanking 
level. This was done to ensure that during retrace, the elec- 
tron beam in the display tube was completely cut off, so re- 
trace lines did not appear in the picture. This setup level origi- 
nally varied between 5 and 10 IRE units above blanking, but 
was standardized at 7.5 IRE for color TV, although it has 
been discarded altogether in Japan. Setup, or "lift," was used 
to some extent in earlier systems, but abandoned by the ad- 
vent of 625-line services. 

The electrical-to-optical transfer characteristic igamma) of 
the cathode-ray picture tube is nonlinear. Doubling the video 
signal level applied to the control grid of the picture tube does 
not cause the light output to double, rather, it follows a power 
law of approximately 2.5. To correct for this, the video signal 
itself is made nonlinear, with an opposite transfer character- 
istic of about 0.4. This correction is applied at the camera in 
all systems. 

Resolution. Resolution in the vertical direction is deter- 
mined by taking the total number of scanning lines and sub- 
tracting those used for vertical blanking. This is multiplied 
by 0,7, the Kell factor, a correction for slight overlap between 
adjacent lines and the effect of imperfect interlace. By conven- 
tion, television resolution is expressed in television (TV) lines 
per picture height, in contrast to photographic "line pairs per 
millimeter " Since the resolution is fixed by the scanning sys- 
tem, picture size is immaterial Note that a vertical "line pair" 
in television requires two scanning lines. 

To compute the bandwidth necessary for equal horizontal 
resolution, the vertical resolution is multiplied by the aspect 
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Figure 2. 52 5-1 me system M: field-time and vertical interval signal specifications. 
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ratio of 4/3 and is divided by the ratio of total scanning line 
time to active picture (unblanked) tine time, This number is 
halved because an electric cycle defines a line pair, whereas 
a 'TV line of resolution" is really only one transition. Multi- 
plying the number of cycles per scanning line by the total 
number of scanning lines in a field, and then multiplying the 
number of fields per second, gives the bandwidth of the base- 
band video signal. 

Broadcasting Standards, The various systems have been as- 
signed letter designations by the International Telecommuni- 
cations Union (ITU), The letters were assigned as the systems 
were registered, so alphabetical order bears no relation to sys- 
tem differences (Table 1), but a rearrangement highlights 
similarities (Table 2). Only scanning parameters and radio- 
frequency (RF) characteristics are defined; color encoding is 
not specified. Systems A r C, E, and F are no longer used. 

Portions of the very-high-frequency (VHF) and ultrahigh- 
frequency (UHF) EF spectrum are divided into channels for 
television broadcast Modern channel assignments are 6 MHz 
wide in the Americas and the Far East. Elsewhere, they are 



generally 7 MHz in VHF and 8 MHz in UHF, with the carrier 
a fixed distance from one edge. Since, in most systems, the 
picture carrier is near the lower edge and the audio signals 
are at the upper end, when the opposite is true, the channels 
are called inverted. 

As a bandwidth-saving technique, the amplitude-modu- 
lated RF signal is filtered so that only one sideband is fully 
emitted; the other sideband is vestigial* or partially sup- 
pressed, which aids in fine tuning to the correct carrier fre- 
quency at the receiver. The full sideband, which represents 
the video bandwidth, extends in the direction of the audio car- 
riers), but sufficient guard band is included to prevent inter- 
ference. 

Bandwidth of the vestigial sideband varies among systems 
as does the placement of the audio carrier in relation to the 
picture carrier (Fig, 4), These factors complicate receiver de- 
sign in areas where signals of two or more systems may exist. 
The main audio signal is sent via an amplitude-modulated or, 
more commonly, frequency-modulated carrier, Peak deviation 
in frequency modulation (FM) is ±50 kHz, with 50 /as preem- 
phasis, except ±25 kHz and 75 fxs for systems M and N, Pre- 
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emphasis for improving the signal-to-noise ratio is common 
in FM systems; its use in some amplitude-modulation {AM) 
systems was to simplify receivers which could accommodate 
both modulation schemes. 

Amplitude modulation is used in all systems for the video 
waveform, which, unlike audio, is not sinusoidal. The major- 
ity of systems employ a negative sense of modulation, such 
that negative excursions of the baseband signal produce an 
increase in the amplitude of the modulated carrier. This 
allows the constant amplitude sync pulses to serve as an indi- 
cation of the received RF signal level for automatic gain con- 
trol. Also, interfering electric energy tends to produce less no- 
ticeable black flashes in the received picture, and the duty 
cycle of the signal is reduced, which consumes less power at 
the transmitter, 

Multichannel Sound 

Early attempts to provide stereo sound for special TV events 
involved simulcasting, whereby an FM radio station in the 
same coverage area broadcast the stereo audio for the pro- 
gram. Due to the high profitability of FM radio today, this 
scheme is becoming impractical. For the 525-line system M, 
with channels of only 6 MHz bandwidth, a multiplexing 
scheme is used on the existing single audio carrier. Due to 
the wider channel bandwidths in 625-line systems, multiple 
sound carriers emerged as the solution. 

Multiplex Sound Systems. In the United States, Zenith Elec- 
tronics developed multichannel television sound (MTS), a pi- 
lot-tone system in which the sum of the two stereo channels 
{L 4- R) modulates the main TV audio FM carrier, providing 
a monophonic signal to conventional receivers. A difference 
signal (L - R) is dbx-TV suppressed-carrier amplitude-modu- 



lated onto an audio subcarrier at twice the line scanning fre- 
quency (2/" H ), while a pilot is sent at the line frequency as a 
reference for demodulation, A second audio program (SAP) 
may be frequency modulated at and nonpublic voice or 
data may be included at 

Japan's NHK developed a similar FM/FM stereo system 
using FM of the L ~ R subchannel at 2/ H - A control subcarrier 
at 3.5/h is tone-modulated to indicate whether stereo or sec- 
ond audio programming is being broadcast. 

Multiple Carrier Systems* In Germany, IRT introduced 
Zweiton t a dual carrier system for transmission standards B 
and G. In both standards, the main carrier is frequency-mod- 
ulated at 5,5 MHb above the vision carrier. For stereo> this 
carrier conveys the sum of the two channels (L 4- R). The 
second frequency-modulated sound carrier is placed 15.5 
times the line scanning frequency above the main carrier, or 
5.742 MHz above the vision carrier. For transmission system 
D, a similar relationship exists to the 6.0 MHz main channel. 
For stereo, this carrier conveys the right audio channel only, 

A reference carrier at is tone-modulated, and the par- 
ticular tone frequency switches receivers for stereo or second 
audio channel sound. A variant is used in Korea where the 
second carrier is placed at 472 MHz above the vision carrier 
and conveys L ™ R information. 

The British Broadcasting Corporation (BBC) in Britain de- 
veloped near-instantaneous companded audio multiplex (NI- 
CAM), a digital sound carrier system. Both audio channels 
are sampled at 32 kHz with 14-bit resolution. Each sample is 
compressed to 10 bits, then arranged into frame packages of 
728-bit length. These are rearranged and then the data are 
scrambled to disperse the effect of noise at the receiver. Fi- 
nally, two bits at a time are fed to a QPSK modulator for 
transmission. 

Either stereo or two independent sound signals may be 
transmitted. Other possible combinations are (1) one sound 
and one data channel or (2) two data channels. The original 
analog-modulated single-channel sound carrier is retained for 
older receivers. The digital carrier is 6.552 MHz above the 
vision carrier for transmission system I, or 5,85 MHz for sys- 
tems B, G, and L. 

NTSC Color Television 

It has long been recognized that color vision in humans re- 
sults from three types of photoreceptors in the eye, each sen- 
sitive to a different portion of the visible spectrum. The ratio 
of excitation creates the perception of hue and saturation, 
while the aggregate evokes the sensation of brightness, Stim- 
ulating the three types of photoreceptors using three wave- 
lengths of light can produce the impression of a wide gamut 
of colors. For television, the image is optically divided into 
three primary color images, and this information is delivered 
to the receiver, which spatially integrates the three pictures, 
something like tripack color film and printing. 

Sequential Color Systems. The first attempts at commercial 
color TV involved transmitting the three color images in a 
sequential fashion. Compatibility with existing transmitters 
was essential from an economic standpoint. Because line-se- 
quential transmission caused crawl patterning, field-sequen- 
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Table 1. Principal Characteristics of World Television Systems 
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tial was preferred. However, there was no separate luminance 
signal for existing black-and-white receivers to use. 

To reduce flicker caused by the apparent brightness differ- 
ence between the three primary colors, the field rate had to be 
increased, and maintaining: an equivalent channel bandwidth 
required the number of scanning lines to be reduced. These 
changes aggravated the compatibility problem with existing 
sets. A field-sequential system developed by the Columbia 
Broadcasting System (CBS) network was briefly commis- 
sioned in the United States during 1951, 

To be compatible, a color television system must have the 
same channel bandwidth as existing monochrome transmit- 
ters and receivers, use equivalent scanning parameters, and 
supply the same luminance signal, as if the picture were 
black and white, An all-industry body, the National Televi- 
sion Systems Committee (NT8C), was set up in the United 
States to devise such a color TV system. 



Separate Luminance and Mixed Htghs« The human visual 
system senses shapes and edges from brightness variations, 
Color only fills in the larger areas, much like a child's coloring 
book. At the suggestion of Hazeltme Electronics, the existing 
wide-bandwidth luminance signal of black-and-white televi- 
sion was retained. The color information is limited to a much 
narrower bandwidth, on the order of 1 MHa, restricting its 
resolution in the horizontal direction/ 

This first led to a dot-sequential system which sampled the 
three colors many times along each scanning line to form a 
high-frequency chrominance signal. The frequency of sam- 
pling may be likened to a subcarrier signal whose amplitude 
and phase are changing according to color variations along 
the line. At the receiver, the "dot" patterns of each primary 
resulting from sampling are averaged in low-pass frequency 
filters. The result is a continuous but low-resolution full-color 
signal. Equal amounts of their higher-frequency components 
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Figure 4. Television RF channel spectra for the various world televi- 
sion systems. For simplicity, only a single illustration of the lower 
and upper portions of the channel spectra is shown for the 8 MHz 
wide channels. Therefore, for systems D, H, I, and K f the lower and 
upper illustrations are not adjacent to each other. 



Quadrature Modulation. The dot-sequential concept formed 
the basis for a more sophisticated simultaneous system. The 
luminance signal contains both high- and low-frequency com- 
ponents. Only two lower-resolution color signals are needed 
(the third can be derived by subtracting their sum from the 
low-frequency portion of luminance). The spectral composition 
of green is nearest to that of luminance, so transmitting the 
red and blue signals improves the signaLto-noise perfor- 
mance, These low-frequency color signals are sampled using 
a time-multiplexing technique proposed by Philco, known as 
quadrature modulation. 

The chrominance signal is formed by the addition of two 
subcarriers, which are locked at the same frequency but differ 
in phase by 90°. The two subcarriers are modulated by sepa- 
rate baseband signals such that each is sampled when the 
other carrier is at a null, This results in the subcarrier being 
modulated in both amplitude and phase. The amplitude re- 
lates to the saturation of the color, while the phase component 
corresponds to the hue (Fig, 5). 

Frequency Multiplexing, The sampling rate is more than 
twice the highest frequency of the color signals after low-pass 
filtering, so the chrominance information shares the upper 
part of the video spectrum with luminance. This frequency- 
multiplexing scheme was put forward by General Electric. 
The scanning process involves sampling the image at line and 
field rates; therefore, energy in the video signal is concen- 
trated at intervals of the line and field frequencies. These 
sidebands leave pockets between them where very little en- 
ergy exists. 

The exact subcarrier frequency was made an odd multiple 
of one-half the line scanning frequency. This causes sidebands 
containing the color information to likewise fall in between 
those of the existing luminance signal (Fig. 6). Therefore, the 
phase of the subcarrier signal is opposite lme-to-line, This 
prevents the positive and negative excursions of subcarrier 
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Figure 5. Quadrature modulation. Addition of two amplitude-modu- 
lated signals whose carrier frequencies are in phase quadrature 
(same frequency but offset in phase by 90°) produces an output signal 
whose carrier is modulated in both amplitude (AM) and phase {PM) 
simultaneously. This method of combining two baseband signals onto 
a single carrier is called quadrature modulation, In the case of NTSC 
or PAL encoding for color television, the two baseband components 
represent the two chrominance signals (I and Q for NTSC, U and V 
for PAL). The resulting amplitude of the subcarrier relates to the 
saturatxon s while the phase conveys the hue information. The fre- 
quency of the subcarrier is unchanged. 



from lining up vertically in the picture, and it results in a less 
objectionable "dot" interference pattern between the subcar- 
rier and luminance signal Comb filtering to separate lumi- 
nance and chrominance may be employed by examining the 
phase of information around the subcarrier frequency on ad- 
jacent lines. The dot pattern is further concealed since the 
subcarrier phase is also opposite frame-to-frame. 

A four-field sequence is established whereby the two inter- 
laced picture fields, together with the alternating phase of 
subcarrier on sequential frames, requires the proper sequence 
to be maintained, Sources to be intercut or mixed must be 
properly timed, and editing points must be chosen to preserve 
the sequence of the four color fields, 

A slight modification was necessary to the line and field 
scanning frequencies because one of the sidebands of the new 
color subcarrier fell right at the rest frequency of the FM 
sound carrier for system M f 4,5 MHz. Existing black-and- 
white receivers did not have adequate filtering to prevent an 
annoying buzz when the program sound was low and color 
saturation was high. By reducing the scanning frequencies by 
a mere 0-1%, the sidebands of luminance and chrominance 
remained interleaved, but shifted to eliminate the problem. 
Hence, the field frequency became 59,94 Ha, and the line fre- 
quency became 15.734 kEfo, 

Color-Difference Signals. Another suggestion came from 
Philco: Interference with the luminance signal is minimized 
by forming the two color signals as the difference between 
their respective primary and luminance (i.e., R « Y, B - Y). 
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This makes the color-difference signals smaller in amplitude 
since most scenes have predominantly pale colors. 

The subcarrier itself is suppressed, so that only the side- 
bands are formed. When there is no color in the picture, the 
subcarrier vanishes. This necessitates a local oscillator at the 
receiver. A color-burst reference is inserted on the back porch 
of the horizontal sync pulse, which synchronises the reference 
oscillator and provides an amplitude reference for color satu- 
ration automatic gam control, 

Constant Luminance, With the constant-amplitude formula- 
tion (Y = |E 4- + |B), the luminance signal does not repre- 
sent the exact scene brightness. Part of the brightness infor- 
mation is carried by the chrominance channels, so unwanted 
irregularities in them, such as noise and interference, produce 
brightness variations. Also, the gray- scale rendition of a color 
broadcast on a black-and-white receiver is not correct. 

Hajseltine Electronics suggested weighting the contribu- 
tions of the primaries to the luminance signal according to 



their actual addition to the displayed brightness. The color- 
difference signals will then represent only variations in hue 
and saturation, since they are "minus" the true brightness 
(R - Y, B - Y). A design based on this principle is called 
a constant-luminance, system. For the display phosphors and 
white point originally specified, the luminance composition is 
Y = 30% R 4- 59% G -l- 11% B. 

Scaling Factors. The two iow-bandwidth color-difference 
signals modulate a relatively high-frequency subcarrier su- 
perimposed onto the signal level representing luminance. 
However, the peak subcarrier excursions for some hues could 
reach far beyond the original black-and-white limits, where 
the complete picture signal is restricted between levels repre- 
senting blanking and peak white picture information. Over- 
modulation at the transmitter may produce periodic suppres- 
sion of the RF carrier and/or interference with the 
synchronizing signals. If the overall amplitude of the compos- 
ite (luminance level plus superimposed subcarrier amplitude) 
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-£R - Y) 

Figure 8, Victor relationship among chrominance components and corresponding dominant 
wavelengths. 75% Color bars with 7,5% setup. Linear NTSC system, NTSC kminophors, illumi- 
nant C. Hexagon defines maximum chrominance ssbcarrier amplitude as defined by 100% color 
bars with 7.5% setup. Caution: The outer calibration circle on vectorscopes does not represent 
exactly 100 IRE P-P. 



signal were simply lowered, the effective power of the trans- 
mitted signal would be significantly reduced. 

A better solution was to reduce the overall amplitude of 
only the modulated subcarrier signal. However, such an arbi- 
trary reduction would severely impair the signal-to-noise ra- 
tio of the chrominance information. The best solution proved 
to be selective reduction of each of the baseband R - Y and 



B - Y signal amplitudes to restrict the resulting modulated 
subcarrier excursions to ±f of the luminance signal levels. 
The R ~ Y signal is divided by 1.14, and B - Y is divided by 
2.03, The resulting 33.3% overmodulation beyond both peak 
white and blanking levels was found to be an acceptable com- 
promise, since the incidence of highly saturated colors is 
slight (Fig, 7). 
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Figure 10. SECAM baseband (low-level) preemphasis. 



(unlike NTSC, in which the subcarrier produces noticeable in- 
terference with the luminance only on highly saturated col- 
ors). To reduce its visibility, a number of techniques are em- 
ployed. 

Firstly, preemphasis is applied to the baseband color-dif- 
ference signals to lessen their amplitudes at lower saturation, 
but preserve adequate signal-to-noise ratio (low-level preem- 
phasis; see Fig, 10). Secondly, different subcarrier frequencies 
are employed, which are integral multiples of the scanning 
line frequency; fa is 4-25 MHz (272 H), and fa is 4.40625 
MHz (282 H). The fa signal is inverted before modulation so 
that the maximum deviation is toward a lower frequency, re- 
ducing the bandwidth required for the dual subcarriers, 

Thirdly, another level of preemphasis is applied to the 
modulated subcarrier around a point between the two rest 
frequencies, known as the "cloche" frequency of 4.2S6 MHz 
(high-level preemphasis, the so-called "anti-bell" shaping 
shown in Fig. 11). Finally, the phase of the modulated subcar- 
rier is reversed on consecutive fields and, additionally, on ev- 
ery third scanning line, or, alternately, every three lines. 

Line Identification. Synchronizing the receiver to the alter- 
nating lines of color-difference signals is provided in one of 
two ways. Earlier specifications called for nine lines of verti- 
cal blanking to contain a field identification sequence formed 
by truncated sawteeth of the color-difference signals from the 
white point to the limiting frequency (so-called "bottles"; see 
Fig, 12). This method is referred to as "SECAM-V" 

As use of the vertical interval increased for ancillary sig- 
nals, receiver demodulators were fashioned to sample the un- 
blanked subcarrier immediately following the horizontal sync 
pulse, providing an indication of line sequence from the rest 
frequency. Where this method is employed, it is called 
"SECAM-H." An advantage of this method is near-instanta- 
neous recovery from momentary color field sequence errors, 
whereas SECAM-V receivers must wait until the next verti- 
cal interval. 



issues in Program Production, High-level preemphasis 
causes the chrominance subcarrier envelope to increase in 
amplitude at horizontal transitions, as can be seen on a wave- 
form monitor (Fig. 13), Unlike NTSC, the subcarrier ampli- 
tude bears no relation to saturation, so, except for testing pur- 
poses, a luminance low-pass filter is employed on the 
waveform monitor. A vectorscope presentation of the satura- 
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Figure 11. SECAM RF (high-level) preemphasis. 
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Characteristic signal of identification lines 
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Figure 13. SECAM color bar waveforms. 
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tion and hue is implemented by decoding the FM subcarrier 
into baseband color-difference signals and applying them to 
an X-Y display. 

Unfortunately, the choice of FM for the color subcarrier 
means that conventional studio production switchers cannot 
be employed for effects such as mixing or fading from one 
scene to another because reducing the amplitude of the sub- 
carrier does not reduce the saturation. This necessitates us- 
ing a component switcher and then using encoding after- 
wards. In cases where the signal has already been encoded to 
SECAM (such as from a prerecorded video tape), it must be 
decoded prior to the component switcher and then reencoded. 

Like NTSC, program editing must be done in two-frame 
increments. Although the subcarrier phase is reversed on a 
field-and-line basis, establishing a "12»fieid sequence/' it is 
the instantaneous frequency — not phase — which defines the 
hue. However, the line-by-line sequence of the color-difference 
signals must be maintained. The odd number of scanning 
lines means that each successive frame begins with the oppo- 
site color-difference signal. As described above, mixes or fades 
are never done with composite signals. 

Since the instantaneous frequency of the subcarrier is not 
related to the line scanning frequency > it is impossible to em- 
ploy modern comb-filtering techniques to separate the chromi- 
nance and luminance in decoding. Increasingly, special effects 
devices rely on decoding the composite TV signal to compo- 
nents for manipulation, then reencoding. Every operation of 
this sort impairs luminance resolution because a notch filter 
must be used around the subcarrier frequency. These con- 
cerns have led many countries which formerly adopted 
SECAM to switch to PAL for program production, transcoding 
to SECAM only for RF broadcasting. 

Phase Alternate line (PAL) 

To retain the ease in program production of NTSC, yet correct 
for phase errors, the German Telefunken Company developed 
a system more comparable to NTSC which retains quadrature 
modulation- Because of the wider channel bandwidth associ- 
ated with 626-line systems^ the color subcarrier could be posi- 
tioned so that the sidebands from both color-difference signals 
have the same bandwidth. This means that R - Y and B Y 
signals could be used directly, rather than I and Q as in 
NTSC. Identical scaling factors are used, and the signals are 
known as V and U, respectively. 

Color Phase Alternation, In the PAL System, the phase of 
the modulated V component of the chrominance signal is re- 
versed on alternate lines to cancel chrominance phase distor- 
tion acquired in equipment or transmission. Any phase shift 
encountered will have the opposite effect on the displayed hue 
on adjacent lines in the picture. If the phase error is limited 
to just a few degrees, the eye integrates the error, since, in 
the vertical direction, more chrominance detail is provided 
than can be perceived at normal viewing distances. Receivers 
based on this principle are said to have "simple PAL" de- 
coders. 

If the phase error is more than a few degrees, the differ- 
ence in hue produces a venetian-blind effect, called Hanover 
bars. Adding a one-Hne delay permits integrating chromi- 
nance information from adjacent scanning lines electrically, 
with a slight reduction in the saturation for large errors. 



Color resolution is reduced by half in the vertical direction, 
but more closely matches horizontal resolution due to band- 
limiting in the encoder. This technique of decoding is called 
"deluxe PAL." A reference is provided to indicate which lines 
have +V or — V phase by also shifting the phase of the color 
burst signal by ±45 & on alternate lines. 

Compatibility. The line-by-line phase reversal results in 
identical phase on alternate lines for hues on or near the V 
axis. To sustain a low-visibility interference pattern in PAL, 
the subcarrier frequency is made an odd multiple of one-quar- 
ter of the line frequency (creating eight distinct color fields). 
This effectively offsets the excursions of the V component by 
90° line-to-Hne and offsets those of the U component by 270°. 
Since this 180° difference would cause the excursions of one 
component to line up vertically with those of the other in the 
next frame, an additional 25 Hz offset ifv/2) is added to the 
PAL subcarrier frequency to further reduce its visibility. 

In early subcarrier oscillator designs, the reference was de- 
rived from the mean phase of the alternating burst signal 
Interlaced scanning causes a half-line offset between fields 
with respect to the vertical position so that the number of 
bursts actually blanked during the 7£K vertical interval 
would be different for the odd versus even fields, Since the 
phase of burst alternates Hne-to-Hne r the mean phase would 
then appear to vary in this region, causing disturbances at 
the top of the picture. 

This is remedied by a technique known as "Bruch blank- 
ing." The burst blanking is increased to a total of nine lines, 
and repositioned in a four-field progression to include the 
7|K interval, such that the first and last burst of every field 
has a phase corresponding to (-U + V), or 4-135°. The burst 
signal is said to "meander" so that color fields 3 and 7 have 
the earliest bursts. 

Issues in Program Production. In PAL, since the subcarrier 
frequency is an odd multiple of one-quarter the line fre- 
quency, each line ends on a quarter-cycle. This, coupled with 
the whole number plus one-half lines per field, causes the 
phase of subcarrier to be offset each field by 45°. Thus, in 
PAL, the subcarrier phase repeats only every eight fields, cre- 
ating an "eight-field sequence." This complicates program ed- 
iting, because edit points occur only every four frames, which 
is slightly less than 1/10 s in time. 

Comb filtering to separate chrominance and luminance in 
decoding is somewhat more complicated in PAL; however, it 
has become essential for special picture effects. On a wave- 
form monitor, the composite PAL signal looks very much like 
NTSC, except that the 25 Hz offset causes a slight phase shift 
from line to line, so that when viewing the entire field, the 
sine wave pattern is blurred Because of the reversal in phase 
of the V component on alternate lines, the vectorscope presen- 
tation has a mirror image about the V axis {Fig. 14). 

Variations of PAL. The differences between most 625-line 
transmission standards involve only RF parameters (such as 
sound-to-picture carrier spacing). For 625-line PAL program 
production, a common set of technical specifications may be 
used. These standards are routinely referred to in the produc- 
tion environment as "PAL-B," although the baseband signals 
may be used with any 6254ine transmission standard. 
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Figure 14. Typical PAL vectorscope grat- 
icule- 




Several countries in South America have adopted the PAL 
system. The 6 MHk channel allocations in that region meant 
that the color subcarrier frequency had to be suitably located, 
about 1 MEz lower in frequency than for 7 MHz or 8 MHss 
channels. The exact frequencies are close to, but not the same 
as, those for NTSC. The 625-line system is known as PAL-INT 
Studio production for this standard is done in conventional 
'TAL-B" then converted to PAL-N at the transmitter, 

The 525-line PAL is known as PAL-M, and it requires stu- 
dio equipment unique to this standard* although the trend is 
toward using conventional NTSC-M equipment and also 
transcoding to PAL-M at the transmitter. PAL-M does not 
employ a 25 Hz offset of the subcarrier frequency, as is done 
in all other PAL systems. 



Similarities of Color Encoding Systems 

The similarities of the three basic color television encoding 
systems are notable (see Table 3), They all rely on the concept 
of a separate luminance signal which provides compatibility 
with black-and-white television receivers. The "mixed-highs" 
principle combines high-frequency information from the three 
color primaries into luminance, where the eye is sensitive to 
fine detail; only the relatively low-frequency information is 
used for the chrominance channels. All three systems use the 
concept of a subcarrier, located in the upper-frequency spec- 
trum of luminance, to convey the chrominance information 
(Fig, 15). 

All systems use color-difference signals,, rather than the 
color primaries directly, to minimize crosstalk with the lumi- 
nance signal, and all derive the third color signal by sub- 
tracting, the other two from luminance. The constant lumi- 
nance principle is applied in all systems, based on the original 
NTSC picture tube phosphors, so the matrix formulations for 
luminance and color- difference signals are identical (some re- 



cent NTSC encoders use equal-bandwidth R - Y and B - Y 
signals, instead of proportioned-bandwidth I and Q signals). 

All of the systems use scaling factors to limit excessive 
subcarrier amplitude (NTSC/PAL) or deviation (SECAM) ex- 
cursions. Finally, all three systems use an unmodulated sub- 
carrier sample on the back porch of the horizontal sync pulse 
for reference information in the decoding process. 

Because of these similarities, conversion of signals be- 
tween standards for international program distribution is 
possible. Early standards converters were optical in nature, 
essentially using a camera of the target standard focused on 
a picture tube operating at the source standard. Later, espe- 
cially for color, electronic conversion became practical. 

The most serious issue in standards conversion involves 
motion artifacts, owing to the different field rates between 
525 and 025-line systems. Simply dropping or repeating fields 
and lines creates disturbing discontinuities, so interpolation 
must be done. In modern units, the composite signals are de- 
coded into components, using up to three-dimensional adap- 
tive comb filtering, converted using motion prediction, then 
re-encoded to the new standard. Table 4 lists the transmis- 
sion and color standards used in various territories through- 
out the world. 

Component Analog Video (CAV) 

The advent of small-format video tape machines which re- 
corded luminance and chrominance on separate tracks led to 
interest in component interconnection. Increasingly, new 
equipment decoded and reencoded the composite signal to 
perform manipulations which would be impossible or cause 
significant distortions if done in the composite environment. 
It was reasoned that if component signals (Y, R — Y, B — Y) 
could be taken from the camera and if encoding to NTSC, 
PAL, or SECAM could be done just prior to transmission, 
then technical quality would be greatly improved. 
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Table 3. Principal Characteristics of Color Television Encoding Systems 



System 



NTSC 



PAL 



SECAM 



Display primaries 
White reference 
Diaptay gamma 
Luminance 

Chrominance signals 

Cluomiiiance baseband 
video 
pmmphaais (kHz) 



FCC 
CIS 
2.2 

£ y ^ +0.3GEfc + Q.59JS& + OdlEh 
Q - + 0,41(8 - Y) + 0,48 {R - Y) 
I = -0.27 <B - Y) + 0,74 CB - Y> 



£BU 
CHS in D 65 
£.8 



17 s 0.493 {E - Y) 
V - 0.377 <E - Y) 



CE8 HI C 
2.3 

. jft - +0,299£fc + O.BSVfii 4 O.lMJEi 

Dn - +1.605 <B - Y) 
D R ■* ™1.902 <P* ~ Y) 



1+jX — 



Modulation method 

Ax£s of modulation 
Chroma BW/Deviation 
CkHaj 

Vc&tigial sideband (kHrt 

Composite color video signal 
(CCVS) 

Modulated eubefurier 
amplitude/precmphasis 

SC/H frequency relationship 



Subcarrier frequency (MHu) 



Phase/Deviation of SC 

reference 
Start of SC reference {/is) 
$C reference width (cycieu) 
SC reference e-jflpUtudv (mV> 



Amplitude modulation of two suppressed sabcomers in quadrature 



Q = G20, / s 1300 



+■ £{ (wa trf + 33°) 



3.679545 * 10 Hz 



5.3 ±0.1 
. 9 ± 1 
286 (40 IRE ± 4) 



u - <y 7 v - ±&o a 

1/ + V - 1300 

+&7G tfAL-B.^H), +1070 (PAL-I), 
+620 <PAL*M,N) 

Gee = vW+W 



fto - m36Wn + /V2 fpAL-B, G, H, 1) 
* (903/4)/^ (PAL-M> 
- (917/4>/„ + /V/2 (PAL-N) 
4,43361875 ± 5 H* OPALS, Q, H); 

SlHs CPAL-J) 
3.57561149 i 10 H» {PAL-M) 
3.58205625 ± 5Kz {PAL-N) 

5.6 ± ai (PAL-B, G, H, I, N>; 5,2 3: 0,5 (PAL-M) 
10 ± 1 (PAl-B, G, H, I); 9 ± 1 <PAL~M,' N) 
300 + 30 



Frequency modulation of two sequential 
aubcarricre 

JVU - *230 +276/-12G, 
Aft, - ±2&0 +70/-226 



JEm - By * Gk X cob Sff^fifl + ®\ Mb) * 
+ G K x cos JJjrfon + D% M*) * 

jj^Mk-JL. ft *= 4.236 ± 0.08 MHs) 
jFfl =- 272^ Ait - Wis 



Ae * 4.250000 ± 2kKi, 
/* ™ <UQ&260 ± 2kHz 



D fi s -350 kHe> jD b s +3S0 kHz 
5.7 ± 0.3 
D* - 167 F fl R = 215 



However, component signal distribution required some 
equipment, such as switchers and distribution amplifiers, to 
have three times the circuitry, and interconnection required 
three times the cable and connections as composite systems. 
This brought about consideration of multiplexed analog com- 
ponent (MAC) standards, whereby the luminance and chromi- 
nance signals are time-multiplexed into a single, higher-band- 
width signal. No single standard for component signal levels 
emerged (Table 5), and the idea was not widely popular. In- 
terest soon shifted to the possibility of digital signal distri- 
bution. 

Digital Video 

Devices such as time-base correctors, frame synchronizers, 
and standards converters process the TV signal in the digital 
realm but with analog interfaces. The advent of digital video 
tape recording set standards for signal sampling and quanti- 
zation to the extent that digital interconnection became prac- 
tical. 



Component DtgitaL The European Broadcasting Union 
(EBU) and Society of Motion Picture and Television Engi- 
neers (SMPTE) coordinated research and conducted demon- 
strations in search of a component digital video standard 
which would lend itself to the exchange of programs on a 
worldwide basis. A common data rate of 13.5 Mbps based on 
line-locked sampling of both 525- and 625-line standards was 
chosen. This allows analog video frequencies of better than 
5,5 MHz to be recovered, and is an exact harmonic of the 
scanning line rate for both standards, enabling great com- 
monality in equipment. 

A common image format of static orthogonal shape is also 
employed, whereby the sampling instants on every line coin- 
cide with those on previous lines and fields and also overlay 
the samples from previous frames. There are 858 total lumi- 
nance samples per line for the 525-line system, 864 samples 
for the 825-line system, but 720 samples during the picture 
portion for both systems. This image structure facilitates fil- 
ter design, special effects, compression, and conversion be- 
tween standards, 
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Figure 15. Four-stage color television fre- 
quency spectrum, showing the compres- 
sion of three wide-band color-separation 
signals from the camera through band- 
width limiting and frequency multiplexing 
into the same channel bandwidth used for 
black-and-white television. 




For studio applications, the color-difference signals are 
sampled at half the rate of luminance, or 6.75 MHz, co-sited 
with every odd luminance sample, yielding a total data rate 
of 27 Mbps, This provides additional resolution for the chro- 
minance signals, enabling good special effects keying from 
color detail The sampling ratio for luminance and the two 
chrominance channels is designated "4:2:2*" Other related 
ratios are possible (Table 6), 

Quantization is uniform (not logarithmic) for both lumi- 
nance and color-difference channels. Eight-bit quantisation* 
providing 256 discrete levels, was found to provide adequate 
signal-to-noise ratio for video tape applications. However, the 
25-pin parallel interface selected can accommodate two extra 
bits, since 10-bit quantization was foreseen as desirable in the 
future. Only the active picture information is sampled and 



quantized, allowing better resolution of the signal amplitude. 
Sync and blanking are coded by special signals (Figs. 16 and 
17). 

These specifications were standardized in ITU-It BT,601 — 
hence the abbreviated reference, "601 Video." The first compo- 
nent digital tape machine standard was designated "Dl" by 
SMFTE. This term has come to be used in place of more cor- 
rect designations. For wide-screen applications, a 360 Mbps 
standard scales up the number of sampling points for 16:9 
aspect ratio. 

Interconnecting digital video equipment is vastly simpli- 
fied by using a serial interface. OrigmalIy^.an 8/9 block code 
was devised to facilitate clock recovery by preventing long 
strings of ones or zeros in the code. This would have resulted 
in a serial data rate of 243 Mbps. To permit 10-bit data to be 
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Table 4, National Television Transmission Standards 



It Brritory 






Color 


Territory 




UHF 


Color 


a erritory 






Color 


Afara and Iaaas - Djibouti 








Georgia 


D 


K 


SECAM 


Niger 


K' 




SECAM 


Afghanistan 


D 




PAL 


Germany 


B . 


0 


PAL 


Nigeria 


B 




PAL 


Albania 


B 


G 


PAL 


Ghana 


B 




PAL 


Norway 


B 


G 


PAL 


Algeria 


B 




PAL 


Gibraltar 


B 


G 


PAL 


Oman 


B 


G 


PAL 


Andorra 


B 




PAL 


Greece 


B 


G 


SECAM 


Pakistan 


B 




PAL 


Angola 


1 




PAL 


Greenland 


B 




PAL 


Palfiu 


M 




NTSC 


Antigua and Barhitda 


M 




NTSC 


Grenada 


M 




NTSC 


Panama 


M 




NTSC 


Argentina 


N 




PAL 


Guadeloupe 


K' 




SECAM 


Papua New Guinea 


33 


G 


PAL 


Armenia 


D 


K 


SECAM 


Guam 


M 


M 


NTSC 


Paraguay 


N 




PAL 


Ascension Islands 


1 






Guatemala 


M 




NTSC 


Peru 


M 


M 


NTSC 


Australia 


B 


B 


PAL 


Guinea 


K' 




PAL 


Philippines 


M 




NTSC 


Austria 


IS 


G- 


PAL 


Guinea-Bissau 


1 






Poland 


D 


K 


P&S 


Azerbaijan 


D 


K 


SECAM 


Guyana, Republic of 


M 




NTSC 


Portugal 


B 


G 


PAL 


Azores 


B 




PAL 


Haiti 


M 




NTSC 


Puerto Kico 


M 


M 


NTSC 


Bahama* 


M 




msc 


Honduras 


M 




NTSC 


Qatar 


B 


G 


PAL 


Bahrain 


B 


G 


PAL 


Hong Kong 




I 


PAL 


Reunion 


K' 




SECAM 


Bangladesh 


B 




PAL 


Hungary 


D 


K 


P&S 


Romania 


D 


QfK 


PAL 


Barbados 


M 




msc 


Iceland 


B 


G 


PAL 


Russia 


D 


K 


SECAM 


Belarus 


D 


K 


SECAM 


Tndia 


B 




PAL 


Rwanda 


K' 






Belgium 


B 


M 


PAL 


Indonesia 


B 




PAL 


St, Helena 


I 






Benin 


K F 




SECAM 


Iran 


B 






St. Pierre et Miquelon 


K' 


K' 


SECAM 


Bermuda 


M 




NTSC 


Iraq 


B 




SECAM 


St. Kitts and Nevis 


M 




NTSC 


Boiivia 


M 


M 


NTSC 


Ireland 


I 


I 


PAL 


Samoa (American) 


M 




NTSC 


Bosnia and Herzegovina 


B 


G 


PAL 


Israel 


B 


G 


PAL 


Samoa (Western) 


B 




PAL 


Botswana 


I 




PAL 


Italy 


E 


G 


PAL 


Sao Tome a Principe 


B 




PAL 


Brazil 


M 


i 


PAL 


Ivory Coast - Cote tTIvoire 








San Andr$e Islands 


M 




NTSC 


Brunei Darussalam 


B 




PAL 


Jamaica 


M 




NTSC 


San Marino 


B 


G 


PAL 


Bulgaria 


D ■ 


K 


P&S 


Japan 


M 


M 


NTSC 


Saudi Arabia 


B 


G 


S/PS 


Burkina Faeo 


K' 




SECAM 


Johnston Islands 


M 




NTSC 


Senega) 


K' 




SECAM 


Burma ~ Myarcmar 








Jordan 


B 


G 


PAL 


Serbia 


B 


G 


PAL 


Burundi 




K' 


SECAM 


Kampuchea - Cambodia 








Seychelles 


B 




PAL 


Cambodia 


B 




PAL 


Kazakhstan 


D 


K 


SECAM 


Sierra Leone 


B 




PAL 


Cameroon 


B 




PAL 


Kenya 


B 




PAL 


Singapore 


B 




PAL 


Canada 


M 


M 


NTSC 


Korea, Democracy of (N) 


D 




PAL 


Slovakia 


B 




PAL 


Canary Islands 


B 


G 


PAL 


Korea, Republic of {S) 


M 


M 


NTSC 


Slovenia 


B 


G 


PAL 


Cape Ver<3c Islands 


I 




PAL 


Kuwait 


B 


G 


PAL 


Society Islands French Polynesia 






Cayman Islands 


M 




NTSC 


Kyrgyzstan 


D 


K 


SECAM 


Somalia 


B 




PAL 


Central African Republic 


K' 




SECAM 


Laos 


B 




PAL 


South Africa 


I 


I 


PAL 


Ceylon - Sri Lanka 








Latvia 


X> 


K 


SECAM 


S* West Africa ra Namibia 








Chad 


K' 




SECAM 


Lebanon 


B 


G 


SECAM 


Spain 


B 


G 


PAL 


Channel Islands 




I 


PAL 


Leeward Islands ~ Antigua 








Sri Lanka 


B 




PAL 


Chile 


M 




NTSC 


Lesotho 


I 




PAL 


Sudan 


B 




PAL 


China 


Jf 


D 


PAL 


Liberia 


B 




PAL 


Suriname 


M 




NTSC 


Colombia 


M 




NTSC 


Libya 


B 




SECAM. 


Swaziland 


B 


G 


PAL 


Commonwealth of Independent States: see state 




Lkhtenstein 


B 


G 


PAL 


Sweden 


B 


G 


PAL 


Comorefl 


K' 






Lithuania 


D 


K 


SECAM 


Switzerland 


B 


G 


PAL 


Congo 


K' 




SECAM 


Luxembourg 


B 


G/L 


PP/S 


Syria 


B 


Q 


P&S 


Costa Rica 


M 




NTSC 


Macao 




1 


PAL 


Tahiti = French Polynesia 








Cflte dTvoire 


K' 




SECAM 


Macedonia 


B 


G 


PAL 


Taiwan 


M 


M 


NTSC 


Croatia 


B 


G 


PAL 


Madagascar 


K' 




SECAM 


Tajikistan 


D 


K 


SECAM 


Cuba 


M 




NTSC 


Madeira 


B 




PAL 


Tanzania 


B 


I 


PAL 


Ctiraco 


M 


M 


NTSC 


Malawi 


B 




PAL 


Thailand 


■i 


M 


PN 


Cyprus 


B 


Q 


P&S 


Malaysia 


B 




PAL 


Togo 


K' 




SECAM 


Czech Republic 


D 


K 


SP 


Maldives 


B 




PAL 


Trinidad and Tobago 


M 


M 


NTSC 


Dahomey =* Benin 








Mali 


K r 




SECAM 


Tunisia 


B 


G 


PS 


Denmark 


B 


Q 


PAL 


Malta 


B 




PAL 


Turks and Caicoa 


M 




NTSC 


Diego Garcia 


M 




NTSC 


Martinique 


K' 




SECAM 


Turkey 


B 


G 


PAL 


Djibouti 


K' 




SECAM 


Mauritania 


B 




SECAM 


Turkmenistan 


D 


K 


SECAM 


Dominican Republic 


M 




NTSC 


Mauritius 


B 




SECAM 


Uganda 


B 




PAL 


Ecuador 


M 




NTSC 


Mayotte 


K r 




SECAM 


Ukraine 


D 


K 


SECAM 


Equtorial Guinea « Pemando Pg 






Mexico 


M 


M 


NTSC 


USSH: sec independent estate 






Egypt 


B 


G 


P&S 


Micronesia 


M 




NTSC 


United Arab Emirates 


B 


G 


PAL 


El Salvador 


M 




NTSC 


M&idovia 


D 


K 


SECAM 


United Kingdom 




I 


PAL 


Eritrea 


B 




PAL 


Monaco 


L 


G/L 


SP/S 


United States 


M 


M 


NTSC 


Estonia 


D 


K 


SECAM 


Mongolia 


D 




SECAM 


Upper Valta =* Burkina Fas<? 






Ethiopia 


B 




PAL 


Montserrat 


M 




NTSC 


Uruguay 


N 




PAL 


Facroe Islands 


B 


G 


PAL 


Morocco 


B 




SECAM 


Uzbekistan 


D 


K 


SECAM 


Falkland Islands 


I 




PAL 


Mozambique 




B 


PAL 


Venezuela 


M 




NTSC 


Fernando Po 


B 




PAL 


My an mar 


M 




NTSC 


Vietnam 


D/M 




S/N 




"M 




NTSC 


Namibia 


r 




PAL 


Virgin Islands 


M 




NTSC 


Finland 


B 


G 


PAL 


Nepai 


B 




PAL 


Yemen 


B 




PAL 


France 


V 


L 


SECAM 


Netherlands 


B 


G 


PAL 


Yugoslavia; see new state 








French Guyana 


K' 




SECAM 


Netherlands Antilles 


M 




NTSC 


Zaire 


K' 




SECAM 


French Polynesia 


X' 




SECAM 


New Caledonia 


K' 




SECAM 


Zambia 


B 




PAL 


Gabon 


K' 




SECAM 


New Zealand 


B 


G 


PAL 


Zanzibar = Tanzania 








Gambia 


B 




PAL 


Nicaragua 


M 




NTSC 


Zimbabwe 


B 




PAL 
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Table 5, Component Analog Video Format Stmtmary 







Color Bar Amplitudes (mV) 






Peak Bxcur&ione (ibV) 






Channel 1 


______ _ _ 1 

Channel 2 


Channel 3 


Synchronization- 




Format 


100% 75% 


100% 75% 


100% 75% 


Charmels/Signa Is 


Setup 


R/G/B/S* 


+ 1 V/+760 


+ 1 V/+750 


+ 1 V/+750 






No 


G/B/R 


+700/+525 


+7Q0/+52S 


+700/ +525 


G, B f R - - 


-300 


No 


Y/I/Q (NTSC) 


+714/+649 


±393/±295 


±345/±259 


Y = -286 




Yes 


Y/Q/I (Mi) 


I 934/+714 


+476/±S67 


±476/±367 


Y - -286 


I * -600 


Yes 


Y/R - Y/B - Y* 


+700/+525 


±491/±368 


±620/±4G5 


Y -300 




No 


Y/XJ/V (PAL) 


+700/ +525 


±306/±22& 


±430/±323 


Y = -300 




No 


Betasam 525 


+714/+649 


±467/±350 


±467/ ±350 


Y * -286 




Yes 


2 CH Y/CTDM 


+714/+549 


£467/±350 




Y - ±286 


C * -420 




Betacam 625 


+700/+525 


±467/±350 


±467/ ±050 


Y i- -300 




No 


2 CH Y/CTDM 


+700/ +525 


±467/±350 




Y ±300 


G -420 




M„ 525 


+700/ +538 


±324/±243 


±324/±24S 


Y - -300 




Ygb 


2 CH Y/CTCM 


+714/+549 


±360/ ±263 




Y - -286 


C - -660 




M„ 625 


+700/ +525 


±350/±263 


±350/ ±263 


Y » -300 




No 


2 CH Y/CTCM 


+700/+525 


±350/ ±263 




Y = -300 


C - -650 




SMPTE/EBU 


+700/+525 


±350/±263 


±350/±263 


Y - -300 




No 



£W 

* Other levels possible with this generic designation. 



serialized, scrambling is employed, with complementary de- storage capability. Some early devices sampled at three times 
scrambling at the receiver, NRZI coding is used, so the funda- the color subcarrier frequency (3/^); however, better filter re- 
mental frequency is half the bit-rate of 270 MBz. sponse could be obtained with 4f 9t sampling. The sampling 

instants correspond with peak excursions of the I and Q snb- 
Composite Digital. Time-base correctors for composite 1 in. carrier components in NTSC. The total number of samples 
video tape recorders had been developed with several lines per scanning line is 910 for NTSC and ; is 1 155 ; for PAL. To- 



Table 6. Sampling Structures for Component Systems 









Sample /Pixel 












Sample/Pixel 








1 


2 


3 


4 


5 




1 


2 


3 


4 


5 




YCA 


YC b C r 


YC h C r 


YCbC r 


YC t C T 




YC b C, 


Y 


YC,C r 


Y 


YC*C r 




YC b C r 


YC b C r 


YC b C r 


YC b C r 


YC,C r 




YC b C r 


Y 


YC,C r 


Y 


YC,C r 


Line 












Line 














YCA 


YC b C r 


YC„C r 


YC h C r 


YC,C r 




YC b C, 


Y 


YC b C r 


Y 


YC b C r 






YC b C t 


YC b C f 


YC b C r 


YC b C r 




YCfcOf 


Y 


YC t C r 


Y 


YC b C r 








4i4;4 












4:2:2 












Sample/Pixel 












Sample/Pixel 








1 


2 




4 


5 




1 


2 


3 


4 


5 




YC,C r 


Y 


Y 


Y 


YC b C r 




Y 


Y 


y 


Y 


Y 
















c b c r 




c*c r 








YC b C r 


Y 


Y 


Y 


YC b C, 




Y 


Y 


Y 


Y 


Y 


Line 












Line 














Yc b a 


Y 


Y 


Y 


YC b C r 




Y 


Y 


Y 


Y 


Y 
















C b C r 




c t c r 




CbC f 




YC b C r 


Y 


Y 


Y 


YC b C t 






Y 


Y 


Y 


Y 








4:1:1 












4:2:0 







Y ~ luminance sample; CbC f - chrominance samples; YC^C, - pixels so shown axe co-sited. Boldfaced type indicates bottom field, if interlaced. 
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- 8-Bit 






- 10-Bit 






Waveform 
location 


VoUage 
level 


Decimal 
Value 


Hex 
Value 


Binary 
Value 


Decimal 
V&lus 


Hox 
Value 


Binary 
Value 




Excluded 
Excluded 


766 .3 mV 
763 .9 mV 


255 


FF 


1111 1111 


1023 
1020 


3FF 
3FF 


11 1111 1111 
11 1111 1100 




Peak 


700 ,Gmv 


235 


EB 


1110 1011 


940 


3AC 


11 1010 1100 




Black 


0 .0 mV 


16 


10 


Q0Q1 0000 


64 


040 


00 0100 0000 




Excluded 


-43.7 mV 
-51.1 mV 


0 


0 


0000 0000 


3 
0 


003 
000 


00 0000 001 1 
00 0000 0000 





Figure 16. 









- 8-Bit 
Hex 
value 








Waveform 
location 


■ Voltage 
level 


Decimaf 
value 


Binary 
value 


Decimal 
value 


Hex Binary 
value value 




Excluded 
Exciuded 


399.2 mV 
396.9 mV 


255 


FF 


■1111 1111 


1023 
1020 


3FF 11 1111 1111 
3FC 11 1111 1100 




Max positive 


350.0 mV 


240 


F0 


1111 0000 


960 


3C0 11 1100 0000 




Black 


0.0 mV 


128 


80 


1000 0000 


512 


200 1 0 0000 0000 




Max negative 


-350.0 mV 


16 


10 


0001 0000 


64 


040 00 0100 0000 




Excluded 
Excluded 


-397.7 mV 
-400.0 mV 


0 


00 


0000 0000 


3 
0 


003 00 0000 001 1 
000 00 0000 0000 





Figure 17. Quantising levels for component digital color difference. 
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Waveform 
location 

Excluded 
Excluded 



Voltage 



Blanking 



Sync tip 



IRE 
units 



998.7 mV 139.8 
994.9 mV 139.3 

100% Chroma 907,7 mV 131.3 



Peak white 714.3 mV 100 



0.0 mV 



-285.7 mV »40 



Excluded -302.3 mV -42.3 
Excluded -306.1 mV -42.9 



g, B | t . 

Decimal Hex 
value value 



Binary 
value 



255 FF 1111 1111 
244 F4 11110100 



200 



C8 1100 1000 



60 



3C 0011 1100 



04 0000 0100 



00 0000 0000 



Decimal 
value 

1023 
1020 

975 



800 



— 10-B1t- 

Hex 
value 



Binary 
value 



3FF 
3FC 



11 1111 1111 
11 1111 1100 



3CF 111100 1111 



320 110010 0000 



240 



16 

3 
0 



0F0 00 1 1 1 1 0000 



101 00 0001 0000 

003 00 0000 001 1 
000 00 0000 0000 




Figure 1& Quantizing levels for composite digital NTSC. 



accommodate the 25 Hz offset in PAL, lines 313 and 625 each 
have 1137 samples. The active picture portion of a line con- 
sists of 768. samples in NTSC and 948 samples in PAL. These 
specifications are standardized as SMPTE 244M (NTSC) and 
EBU Tech. 3280 (PAL). 

Unlike component digital, nearly the entire horizontal and 
vertical blanking intervals are sampled and quantized, which 
degrades the amplitude resolution (Fig. 18). However, in PAL, 
no headroom is provided for sync level, and the sampling in- 
stants are specified at 45° from the peak excursions of the V 
and U components of subcarrier (Fig. 19). This allows a "nega- 
tive headroom" in the positive direction. Thus, an improve- 
ment of about 0,5 dB in signal-to-noise ratio is obtained. 

Rate conversion between component and composite digital 
television signals involves different sampling points and 
quantizing levels. Each conversion degrades the picture, be- 
cause exact levels cannot be reproduced in each pass. An im- 
portant advantage of digital coding is thereby lost, In addi- 
tion, decoding composite signals requires filtering to prevent 
cross-luminance and cross-color effects. This forever removes 
a part of the information; therefore, this process must be se- 
verely limited in its use. 

Ancillary data may be added to digital component and 
composite video signals, AES/EBU-encoded digital audio can 
be multiplexed into the serial bit stream. Four channels are 
possible with the composite format, and 16 channels'are pos- 
sible with component digital video. 



Component Video Standards 

The video signals from a camera before encoding to NTSC, 
PAL, SECAM, or the ATSC Digital Standard are normally 
green (G), blue (B), and red (R). These are described as com- 
ponent signals because they are parts or components of the 
whole video signal. It has been found more efficient of band- 
width use for distribution and sometimes for processing to 
convert these signals into a luminance signal (Y), and two 
color-difference signals, blue minus luminance {B - Y) and 
red minus luminance (R - Y), where the color difference sig- 
nals use { or i of the bandwidth of the luminance signal. The 
SMPTE/EBU Standard N10 has been adopted which has a 
uniform signal specification for all 525/60 and 625/50 televi- 
sion systems. The color difference signals in this standard, 
when they are digitally formatted, are termed Cb and C r re- 
spectively. At the same time, due to the lower sensitivity of 
the human eye to fine detail in color, it is possible to reduce 
the bandwidth of the color difference signals compared to that 
of the luminance signal 

When these signals are digitized according to International 
Telecommunication Union f Radio communication Sector, 
(ITU-B) Recommendation 601, for both 525/60 and 625/50 
systems, there are several modes of transmission which may 
be used, all based on multiples of a 3,75 MHz sampling rate. 
For the ATSC standard> 4:2:0 is used (see below and the 
ATSC digital television standard). Either 8, or more fre- 
quently 10 bits per sample are used. 
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Waveform 
location 

Excluded 
Excluded 

1 00% chroma 
Highest sample 



Peak white 



Blanking 



Sync tip 

Excluded 
Excluded 



Voiiage 

913.1 mV 
909.5 mV 

886.2 mV 



700.0 mV 



0,0 mV 



-300.0 mV 

-301.2 mV 
-304.8 mV 



& . B ii 

Decimal Hex Binary 
value value value 

255 FF 1111 1111 
250 F4 1111 1010 



211 



64 



D3 11010011 



40 0100 0000 



01 0000 0001 



00 0000 0000 



- 10-Bit- 



Dedmai 


Hex 




Binary 


value 


value 




value 


1023 


3FF 


11 


1111 1111 


1020 


3FC 


11 


1111 1100 


1000 


3E8 


11 


1110 1000 


844 


34C 


11 


0100 1100 



266 



100 01 0000 0000 



004 00 0000 0100 



003 00 0000 001 1 
000 00 0000 0000 



L 




Figure 19, Quantizing levels for composite digital PAL. 



4 \ 4 : 4 Mode. The G, B r R or Y, C r signal with an equal 
sampling rate of 13.5 MHz for each channel is termed the 
4:4:4 mode of operation, and it yields 720 active samples 
per line for both 525/60 and 625/50 standards. This mode is 
frequently used for postproduction. If a (full-bandwidth) key 
signal is also required to be carried with the video, this combi- 
nation is known as a 4 : 4 : 4 : 4 signal. 

4 : 2 1 2 Mode. More frequently used for distribution is the 
4:2:2 mode, where Y is sampled at 13,5 MHz, and the color 
difference signals are sampled at 6.25 MHz rate, correspond- 
ing to 360 active samples per line. 

4:1:1 Mode, The 4:1:1 mode is used where bandwidth is 
at a premium, and the color difference signals are each sam- 
pled at 3,75 MHs rate, corresponding to 180 samples per line. 

4:2:0 Mode. A further alternative, 4:2:0 mode, whose 
structure is not self evident, is derived from a 4 : 2 : 2 sampling 
structure, but reduces the vertical resolution of the color dif- 
ference information by 2 : 1 to match the reduced color differ- 
ence horizontal resolution. Four line (and field sequential if 
interlaced) co-sited C t samples are vertically interpolated 
weighted toward the closest samples, and the resultant sam- 
ple is located in between two adjacent scanning lines. This 
mode is used in MPEG bit-rate reduced digital signal distri- 
bution formats, and hence in the ATSC digital television 
standard* 

The above four modes are illustrated in Table 6. 



ADVANCED TELEVISION SYSTEMS, CURRENT AND FUTURE 

ATSC Digital Television Standard 

Overview. The Advisory Committee on Advanced Televi- 
sion Service (ACATS) to the Federal Communications Com- 
mission, with support from Canada and Mexico, from 1987 to 
1995 developed a recommendation for an Advanced Television 
Service for North America. The ACATS enlisted the coopera- 
tion of the best minds in the television industry, manufactur- 
ers, broadcasters, cable industry, film industry, and federal 
regulators in its organization to develop an advanced televi- 
sion system which would produce a substantial improvement 
in video images and in audio performance over the existing 
NTSC, 5254ine system. The primary video goal was at least 
a doubling of horizontal and vertical resolution with a widen- 
ing in picture aspect ratio from current 4 {W) X 3 (H) to 16 
(W) X 9 (H), and this was named "high-definition television." 
Also included was a digital audio system consisting of live 
channels plus a low-frequency channel (5,1). 

Twenty-one proposals were made for terrestrial transmis- 
sion systems for extended-definition television (EDTV) or 
high-definition television (HDTV), using varying amounts of 
RF spectrum. Some systems augmented the existing NTSC 
system, with an additional channel of 3 MHz or 6 MHss, some 
used a separate simulcast channel of 6 MHz or 9 MHz band- 
width, and all of the early systems used hybrid analog/digital 
technology in the signal processing with an analog RF trans- 
mission system. Later proposals changed the RF transmission 
system to digital along with all-digital signal processing, 
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Figure 20. Television service model. 



It was also decided that the signal would be transmitted 
in a 6 MHz EF channel, one for each current broadcaster of 
the (6 MHz channel) NTSC system, and that this new channel 
would eventually replace the NTSC channels. The additional 
channels were created within the existing UHF spectrum by 
improved design of TV receivers so that the previously taboo 
channels, of which there were many, could now be used. 

In parallel with this effort* the Advanced Television Sys- 
tems Committee (ATSC) documented and developed the stan- 
dard known as the ATSC Digital Television Standard, and it 
is subsequently developing related implementation stan- 
dards. 

In countries currently using 625-line, 4 : 3 aspect ratio tele- 
vision systems, plans are being developed to eventually use a 
1250-line, 16:9 aspect ratio system, and the ITtMt has 
worked successfully on harmonizing and providing interoper- 
ability between the ATSC and 1250-line systems. 

Figure 20 shows the choices by which the signals of the 
various television standards will reach the consumer. Other 
articles detail satellite, cable TV, and asynchronous transfer 
mode (ATM) common carrier networks. 

The ATSC and the ITU-R have agreed on a digital terres- 
trial broadcasting model, which is shown in Fig. 21- Video 
and audio sources are coded and compressed in separate video 
and audio subsystems. The compressed video and audio are 
then combined with ancillary data and control data in a ser- 
vice multiplex and transport, in which form the combined sig- 
nals are distributed to the terrestrial transmitter. The signal 



is then channel-coded, modulated, and fed at appropriate 
power to the transmission antenna. The receiver reverses the 
process, demodulating the RF signal to the transport stream, 
then demultiplexing the audio, video, ancillary, and control 
data into their separate but compressed modes, and the indi- 
vidual subsystems then decompress the bit streams into video 
and audio signals which are fed to display screen and speak- 
ers, and the ancillary and control data are used if and as ap- 
propriate within the receiver. 

Information Service Multiplex and Transport System, These 
subsystems provide the foundation for the digital communica- 
tion system* The raw digital data are first formatted into ele- 
mentary bit streams, representing image data, sound data and 
ancillary data. The elementary bit streams are then formed 
into manageable packets of information (packetized elemen- 
tary stream, PES), and a mechanism is provided to indicate 
the start of a packet (synchronisation) and assign an appro- 
priate identification code (packet identifier, PID) within a 
header to each packet. The packetized data are then multi- 
plexed into a program transport stream which contains all the 
information for a single (television) program. Multiple pro- 
gram transport streams may then be multiplexed to form a 
system level multiplex transport stream, 

Figure 22 illustrates the functions of the multiplex and 
transport system and shows its location between the applica- 
tion (e.g., audio or video) encoding function and the transmis- 
sion subsystem. The transport and demultiplex subsystem 
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functions in the receiver in the reverse manner, being situ- 
ated between the RF modem and the individual application 
decoders. 

Fixed-Length Packets, The transport system employs the 
fixed-length transportation stream packetization approach 
defined by the Moving Picture Experts Group {MPEG}, which 
is well-suited to the needs of terrestrial broadcast and cable 
television transmission of digital television. The use of moder- 
ately long, fixed-length packets matches well with the needs 
for error protection, and it provides great flexibility for initial 
needs of the service to multiplex audio, video, and data f while 
providing backward compatibility for the future and maxi- 
mum interoperability with other media (MPEG-based). 

Packet Identifier. The use of a FIB in each packet header 
to identify the bit stream makes it possible to have a mix of 
audio, video, and auxiliary data which is not specified in ad- 
vance. 

Scalability and Extensibility. The transport format is scal- 
able in that more elementary bit streams may be added at 
the input of the multiplexer^ or at a second multiplexer. Ex- 
tensibility for the future could be achieved with no hardware 
modification by assigning new PIDs for additional elementary 
bit streams. 

Robustness, After detecting errors during transmission, the 
data bit stream is recovered starting with the first good 
packet. This approach ensures that recovery is independent 
of the properties of each elementary bit stream. 

Transport Packet Format The data transport packet format, 
as shown in Fig, 23, is based on fixed length packets (188 
bytes) identified by a variable-length header including a sync 
byte and the PID, Each header identifies a particular applica- 
tion bit stream (elementary bit stream) which forms the pay- 
load of the packet Applications include audio, video, auxiliary 
data, program and system control information, and so on, 

PES Packet Format The elementary bit streams are them- 
selves wrapped in a variable-length packet structure called 
the packetifccd elementary stream (PES) before transport pro- 
cessing. See Fig* 24. Each PES packet for a particular elemen- 
tary bit stream then occupies a variable number of transport 



packets, and data from the various elementary bit streams 
are interleaved with each other at the (fixed length) transport 
packet layer. New PES packets always start a new transport 
packet, and stuffing bytes (ie., null bytes) are used to fill par- 
tially filled transport packets- 

Channel Capacity Allocation. The entire channel capacity 
can be reallocated to meet immediate service needs, As an 
example, ancillary data can be assigned fixed amounts de- 
pending on a decision made as to how much to allocate to 
video; or if the data transmission time is not critical, then it 
can be sent as opportunistic data during periods when the 
video channel is not fully loaded. 

Figure 25 illustrates how the variable-length PES packets 
relate to the fixed-length transport packets, 

The transport system provides other features, including 
decoder synchronization, conditional access, and local pro- 
gram insertion. Also issues relating to the storage and play- 
back of programs are addressed, and the appropriate hooks 
are provided to support the design of consumer digital prod- 
ucts based on recording and playback of these bitstreams, in- 
cluding the use of "trick modes* such as slow motion and still 
frame, typical of current analog video cassette recorders 
(VCRs), 

local Program Insertion, This feature is extremely impor- 
tant to permit local broadcast stations to insert video, audio, 
or data which is unique to that station. As shown in Fig. 26 
to splice local programs, it is necessary to extract (by demul- 
tiplexing) the transport packets, identified by the PIDs of the 
individual elementary bit streams, which make up the pro- 
gram that is to be replaced, including the program map table, 
which identifies the individual bit streams that make up the 
program. Program insertion can then take place on an indi- 
vidual PID basis, using the fixed-length transport packets. 

Presentation Time Stamp and Decoding Time Stamp. These 
time stamps both occur within the header of the PES packet, 
and they are used to determine when the data within the 
packet should be read out of the decoder. This process ensures 
the correct relative timing of the various elementary streams 



Figure 24, Structural overview of pack- 
efcized elementary stream (PES) packet. 
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at the decoder relative to the timing at which they were en- 
coded. 

Interoperability with ATM, The MPEG-2 transport packet 
size (188 bytes) is such that it can easily be partitioned for 
transfer in a link layer which supports asynchronous transfer 
mode (ATM) transmission (53 bytes per cell). The MPEG-2 
transport layer solves MPEG-2 presentation problems and 
performs the multimedia multiplexing function, while the 
ATM layer solves switching and network adaptation 
problems, 

Video Systems 

, Compressed Video. Compression in a digital HDTV system 
is required because the bit rate required for an uncompressed 
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HDTV signal approximates 1 Gbps (with the luminance/chro- 
minance sampling already compressed to 4:2:2 mode). The 
total transmitted data rate in the ATSC digital television 
standard over a 6 MHz channel is approximately 19.4 Mbps. 
A compression ratio of 50 : 1 or greater is therefore required. 

The ATSC Digital Television Standard specifies video com- 
pression using a combination of compression techniques 
which for compatibility conform to the algorithms of MPEG-2 
Main Profile, High Level. 

The goal of the compression and decompression process is 
to produce an approximate version of the original image se- 
quence, such that the reconstructed approximation is imper- 
ceptibly different from the original for most viewers, for most 
images, and for most of the time. 

Production Formats* A range of production format video in- 
puts may be used. These include the current NTSC format of 
483 active lines, 720 active samples/line, 60 fields, 2 : 1 inter- 
laced scan (601), the Standard Definition format of 480 active 
lines, 720 active samples/line, 60 frames progressive scan 
(BOP), and high definition formats of 720 active lines, 1280 
active samples/line* 60P, or 1080 active lines, 1920 active 
samples/line, 60L 

Compression Formats* A large range of 18 compression for- 
mats is included, to accommodate all of the above production 
formats. The 30P and 24P formats are included primarily to 
provide efficient transmission of film images, associated with 
the above production formats. The VGA Graphics format is 
also included at 480 lines and 640 pixels (see below for pixel 
definition). Details of these compression formats are found in 
Table 7, 

Cohnmetry. The Digital Television Standard specifies 
SMPTE 274M coiorimetry (same as ITU-R BT.709, 1990) as 
the default, and preferred, coiorimetry. This defines the color 
primaries, transfer characteristics, and matrix coefficients. 

Sample Precision, After preprocessing, the various lumi- 
nance and chrominance samples will typically be represented 
using 8 bits per sample of each component. 

Film Mode. In the case of 24 fps film which is sent at 60 
Hz rate using a S : 2 pull-down operation, the processor may 
detect the sequences of three nearly identical pictures fol- 
lowed by two nearly identical pictures and may only encode 
the 24 unique pictures per second that existed in the original 
film sequence. This avoids sending redundant information, 
and permits higher quality transmission. The processor may 
detect similar sequencing for 30 fps film and may only encode 
the 30 unique pictures per second. 
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Tabic 7. ATSC Compression Formats: A Hierarchy of Pixels and Bits 
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Color Component Separation and Processing. The input video 
source to the video compression system is in the form of RGB 
components matrixed into luminance (Y) (intensity or black- 
and-white picture) and chrominance (C b and C r ) color-differ- 
ence components, using a linear transformation. The Y, Ci t 
and C T signals have less correlation with each other than R, 
G ? and B and are thus easier to code. The human visual sys- 
tem is less sensitive to high frequencies m the chrominance 
components than in the luminance components. The chromi- 
nance components are low-pass-filtered and subsampled by a 
factor of two in both horizontal and vertical dimensions 
(4 ; 2 : 0 mode) (see section entitled "Component Video Stan- 
dards"). 

Representation of Picture Data, Digital television uses digi- 
tal representation of the image data. The process of digitiza- 
tion involves sampling of the analog signals and their compo- 
nents, in a sequence corresponding to the scanning raster of 
the television format, representing each sample with a digi- 
tal code. 

Pixels. The individual samples of digital data are referred 
to as picture elements, or "pixels" or "pels," When the ratio of 
active pixels per line to active pixels per frame is the same as 
the aspect ratio, the format is said to have "square pixels." 
The term refers to the spacing of samples, not the shape of 
the pixel. 

Blocks, Macroblocks, and Slices. For further processing, pix- 
els are organized into blocks of 8 X 8, representing either 
luminance or chrominance information. Macroblocks consist 
of four blocks of luminance (Y) and one each of C\> and C r . 
Slices consist of one or more macroblocks in the same row, 
and they begin with a slice start code. The number of slices 
aft%cts compression efficiency; a larger number of slices pro- 
vides for better error recovery, but uses bits that could other- 
wise be used to improve picture quality. The slice is the mini- 
mum unit for ^synchronization after an error. 

Removal of Temporal Information Redundancy: Motion Estima- 
tion and Compensation. A video sequence is a series of still 
pictures shown in rapid succession to give the impression of 
continuous motion. This usually results in much temporal re- 
dundancy (picture sameness) among the adjacent pictures. 
Motion compensation attempts to delete this temporal redun- 
dancy from the information transmitted. In the standard, the 
current picture is predicted from the previously encoded pic- 



ture, estimating the motion between the two adjacent pic- 
tures and compensating for the motion. This "motion-compen- 
sated residual" is encoded rather than the complete picture, 
eliminating repetition of the redundant information, 

Pictures, Groups of Pictures, and Sequences. The primary 
coding unit of a video sequence is the individual video frame 
or picture, which consists of the collection of slices constitut- 
ing the active picture area, A video sequence consists of one or 
more consecutive pictures; and it commences with a sequence 
header, which can serve as an entry point 

One or more pictures or frames in sequence may be com- 
bined into a group of pictures (GOP), optional within MPEG- 
2 and the ATSC Standard, to provide boundaries for interpic- 
ture coding and registration of time code. 

Figure 27 illustrates a time sequence of video frames con- 
sisting of intracoded pictures {I-frames) f predictive coded pic- 
tures (F-frames), and bidirectionally predictive coded pictures 
(B-fram.es). 

P-, and B-Frames. Frames that do not use any interframe 
coding are referred to as Lframes (where I denotes intraframe 
coded). All the information for a complete image is contained 
within an I-frame, and the image can be displayed without 
reference to any other frame, (The preceding frames may not 
be present or complete for initialisation or acquisition and the 
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preceding or following frames may not foe present or complete 
when noncorreetable channel errors occur.) 

F-frames (where P denotes predicted) are frames where 
the temporal prediction is in the forward direction only 
(formed only from pixels in the most recently decoded I- or 
P-frame), Interframe coding techniques improve the overall 
compression efficiency and picture quality, P-frames may in- 
clude portions that are only intraframe-coded. 

B-frames (where B denotes bidirectionalty predicted) in™ 
elude prediction from a future frame as well as from a previ- 
ous frame (always I- or P-frames), Some of the consequences 
of using future frames in the prediction are as follows: The 
transmission order of frames is different from the displayed 
order of frames, and the encoder and decoder must reorder 
the video frames, thus increasing the total latency. B-frames 
are used for increasing compression efficiency and perceived 
picture quality. 

Figure 28 illustrates the components of pictures as dis- 
cussed above. 

Removal of Spatial information Redundancy: The Discrete Co- 
sine Transform, As shown in Fig. 29, 8 X 8 blocks of spatial 
intensity showing variations of luminance and chrominance 
pel information are converted into 8x8 arrays of coefficients 
relating to the spatial frequency content of the original inten- 



sity information. The transformation method used is the Dis- 
crete Cosine Transform (DCTX 

As an example, in Fig. 29(a), an 8 x 8 pel array represent- 
ing a biack to white transition is shown as increasing levels 
of a gray scale. In Fig. 29(b) r the gray-scale steps have been 
digitized, and are represented by pel amplitude numerical 
values. In Fig, 29(c), the gray-scale block is represented by its 
frequency transformation coefficients, appropriately scaled. 
The DCT compacts most of the energy into only a small num- 
ber of the transform coefficients. To achieve a higher decorre- 
lation of the picture content, two-dimensional (along two 
axes) DCT coding is applied. The (0,0) array position (top left), 
represents the DC coefficient or average value of the array. 

Quantizing the Coefficients. The goal of video compression 
is to maximize the video quality for a given bit rate. Quantiza- 
tion is a process of dividing the coefficients by a value of N, 
which is greater than 1, and rounding the answer to the near- 
est integer value. This allows scaling the coefficient values 
according to their importance in the overall image. Thus high- 
resolution detail to which the human eye is less sensitive may 
be more heavily scaled (coarsely coded). The quantizer may 
also include a dead zone (enlarged interval around zero) to 
core to zero small noise-like perturbations of the element 
value. Quantization in the compression algorithm is a lossy 
step (information is discarded which cannot be recovered). 

Variable Length Coding, Codeword Assignment. The quan- 
tized values could be represented using fixed-length code- 
words. However, greater efficiency can be achieved in terms 
of bit rate, by employing what is known as Entropy Coding. 
This attempts to exploit the statistical properties of the signal 
to be encoded. It is possible to assign a shorter codeword to 
those values occurring more frequently and a longer codeword 
to those occurring less frequently. The Morse code is an exam- 
ple of this method. One optimal codeword design method, the 
Huffman Code, is used in the Standard. It will be noted that 
many zero value coefficients are produced, and these may be 
prioritized into long runs of zeros by zigzag scanning or a sim- 
ilar method, 

Channel Buffer. Motion compensation, adaptive quantiza- 
tion, and variable-length coding produce highly variable 
amounts of compressed video data as a function of time. A 
buffer is used to regulate the variable-input bit rate into a 
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fixed-output bit rate for transmission. The fullness of the 
buffer is controlled by adjusting the amount of quantization 
error in each image block (a rate controller driven by a buffer 
state sensor adjusts the quantization level). Buffer size is con- 
strained by maximum tolerable delay through the system and 
by cost. 

Audio 

System Overview. The audio subsystem used in the ATSC 
Digital Television Standard is based on the AC-3 digital audio 
compression standard. The subsystem can encode from 1 to 6 
channels of source audio from a pulse-code modulation (POM) 
representation (requiring 5.184 Mbps for the 5.1 channel 
mode) into a serial bit stream at a normal data rate of 384 
kbps. The 5.1 channels are left (front), center (front), right 
(front), left surround (rear), right surround (rear) (all 3 Hz to 
20 kH&), and low-frequency subwoofer (normally placed cen- 
trally) (which represents the 0.1 channel, 3 Hz to 120 His). 
The system conveys digital audio sampled at a frequency of 
48 kite, locked to the 27 MHz system clock, 

In addition to the 5.1 channel input, monophonic and ste- 
reophonic inputs and outputs can be handled. Monophonic 
and stereophonic outputs can also be derived from a 5.1 chan- 
nel input, permitting backward compatibility. 

The audio subsystem, as illustrated in Fig. 30, comprises 
the audio encoding/decoding function and resides between the 
audio inputs/ outputs and the transport system. The audio en- 
coders) is (are) responsible for generating the audio elemen- 
tary stream{s\ which are encoded representations of the base- 
band audio input signals. 

The transport subsystem packetizes the audio data into 
PES packets which are then further packetized into (fixed 
length) transport packets. The transmission subsystem con- 
verts the transport packets into a modulated EF signal for 
transmission to the receiver. Transport system flexibility 
allows multiple audio elementary streams to be transmitted. 



In the receiver, the encoding packetiz&tion, and modulation 
process is reversed to produce reconstructed audio. 

Audio Compression. Two mechanisms are available for re- 
ducing the bit rate of sound signals. The first utilizes statisti- 
cal correlation to remove redundancy from the bit stream. 
The second uses the psychoacoustical characteristics of the 
human hearing system such as spectral and temporal mask- 
ing to reduce the number of bits required to recreate the origi- 
nal sounds. 

The audio compression system consists of three basic oper- 
ations> as shown in Fig. 31, In the first stage, the representa- 
tion of the audio signal is changed from the time domain to 
the frequency domain, which is more efficient in order to per- 
form psychoacoustically based audio compression. The fre- 
quency domain coefficients may be coarsely quantized be- 
cause the resulting quantizing noise will be at the same 
frequency as the audio signal, and relatively low signal-to- 
noise ratios (SNRs) are acceptable due to the phenomena of 
psychoacoustic masking. The bit allocation operation deter- 
mines what actual SNR is acceptable for each individual fre- 
quency coefficient. Finally, the frequency coefficients are 
coarsely quantized to the necessary precision and formatted 
into the audio elementary stream. 

The basic unit of encoded audio is the AC-3 sync frame, 
which represents six audio blocks of 256 frequency coefficient 
samples (derived from 512 time samples), a total of 1536 sam- 
ples. The AC-3 bit stream is a sequence of AC-3 sync frames, 

Additional Audio Services, Additional features are provided 
by the AC-3 subsystem. These include loudness normaliza- 
tion, dynamic range compression with an override for the lis- 
tener, and several associated services, namely, dialogue, com- 
mentary, emergency, voice-over, help for the visually 
impaired and hearing-impaired (captioning), and multiple 
languages. Some of these services are mutually exclusive, and 
multilanguage service requires up to an extra full 5.1 channel 
service for each language (up to an additional 384 kbps). 
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skon system. 



Ancillary Data Services 

Several data services have been included in the ATSC Stan- 
dard, Other services can be added in the future, Currently 
included are program subtitles (similar to closed captioning 
in NTSC), emergency messages (mixed into baseband video in 
NTSC), and program guide information, 

Possible Future Date Services* Information data related to 
the following may be desired: conditional access, picture 
structure, colorimetry, scene changes, local program inser- 
tion, field/frame rate and film pull-down, pan/scan, multipro- 
gram, and stereoscopic image. 

Transmission Characteristics. The transmission subsystem 
uses a vestigial sideband (VSB) method: (1) 8-VSB for sim™ 
ulcast terrestrial broadcast mode and (2) a 16-V8B high data 
rate mode, VSB includes a small part of the lower sideband 
with the full upper sideband. Sloped filtering at the transmit- 
ter and/or the receiver attenuates the lower end of the band, 
The 8-VSB coding maps three bits into one of eight signal 
levels. The system uses a symbol rate of 10.76 Msymbols/s, 
capable of supporting a data stream payload of 19.B9 
MBite/s. See Fig. 32 VSB in 6-MHz channel 

Modulation techniques for some other planned broadcast 
systems use orthogonal frequency division multiplexing 
(OFDM) or coded OFDM (COFDM), which is a form of multi- 
carrier modulation where the carrier spacing is selected, so 
that each subcarrier within the channel is orthogonal to the 
other subcarriers, which mathematically ensures that during 
the sampling time for one carrier, all other carriers are at a 
zero point. 

The 8-VSB subsystem takes advantage of a pilot, segment 
sync, and a training sequence for robust acquisition and oper- 
ation. In order to maximize service area, an NTSC rejection 
filter (in the receiver) and trellis coding are used. The system 
can operate in a signal-to-additive-white-Gaussian noise (S/ 
N) environment of 149 dB. The transient peak power to aver- 



age power ratio as measured on a low-power transmitted sig- 
nal with no nonlinearities is no more than 6.3 dB for 99.9% 
of the time. 

A block diagram of a generic transmitter subsystem is 
shown in Fig. 33, Hie incoming data (19.39 MB/s) is random- 
ized and then processed for forward error correction (EEC) in 
the form of Reed-Solomon coding (20 RS parity bits are added 
to each packet, known as outer error correction). Data in- 
terleaving, to reorganize the data stream so that it is less 
vulnerable to bursts of errors, then interleaves to a depth of 
about k data field (4 ms deep), 

The second stage, called inner error correction, consists of 
a I rate trellis coding, This encodes one bit of a two-bit pair 
into two output bits, using a \ convolutional code, whereas the 
other input bit is retained as precoded, Along with the Trellis 
Encoder, the data packets are precoded into Data Frames and 
mapped into a signaling waveform using an 8-level (3 bit), 
one-dimensional constellation (8 VSB). Data Segment Sync (4 



0.7- 

0,5 < 



( 



Pilot, suppressed carrier 



d m 0.31 MHz 

— 5.38 MHz — 

- 6.00 MHz - 



Figure 32, Vestigial sideband (VSB) in 6 MHz channel for digital 
transmission. 
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symbols - 1 byte) at the beginning of a segment of 828 data 
plus parity symbols, and Data Field Sync at the beginning of. 
a Data Field of 313 segments (24,2 ms), are then added. Data 
Field Sync includes the training signal, used for setting the 
receiver equalizer, 

A small in-phase pilot is then added to the data signal at 
a power of 11.3 dB below the average data signal power. The 
data is then modulated onto an IF carrier, which is the same 
frequency for all channels^ The RF Up-Converter then trans- 
lates the filtered, flat IF data signal spectrum to the desired 
RF channel. It is then amplified to the appropriate power for 
the transmitting antenna. 

For the same approximate coverage as an NTSC transmit- 
ter (at the same frequency), the average power of the ATV 
signal is approximately 12 dB less than the NTSC peak sync 
power. 

The frequency of the RF upconverter oscillator will typi- 
cally be the same as for NTSC (except for offsets). For ex- 
treme co-channel situations, precise RF carrier frequency off- 
sets with respect to the NTSC co-channel carrier may be used 
to reduce interference into the ATV signal. The ATV signal is 
noise -like, and its interference into NTSC does not change 
with precise offset. :' - "v- ' 

The ATV co-channel pilot should be offset in the RF up- 
converter from the dominant NTSC picture carrier by 'an odd 
multiple of half the data segment rate. An additional offset of 
0, 4-10 kHz, or —10 kHz is required to track the principal 
NTSC interferes " 

For ATV-into-ATV co-channel interference, precise carrier 
offset prevents the adaptive equalizer from misinterpreting 
the interference as a ghost 

The Japanese High-Definition Television Production System 

This television production system was developed by the Japa- 
nese Broadcasting Corporation (NHK). It was standardized 
in 1987 by the Broadcast Technology Association (BTA), now 
renamed the Association of Radio Industries and Business 
(ARIB), in Japan and in the United States by SMPTE (240M 
and 260M Standards). It uses a total of 1125 lines (1035 ac- 
tive lines), is interlaced at a field rate of 60 Hz, and has an 
aspect ratio of 16:9. It requires a bandwidth of 30 MHz for 



the luminance signal (Y), and 15 MHz for each of the two 
color difference signals (P% and P&). When digitized at 8 bits 
per sample, it uses 1920 pixels per line and it requires a total 
bit rate of 1.2 Gbps. Note that this production system is simi- 
lar to the interlaced system used in the ATSC standard, ex- 
cept that the latter uses 1080 active lines. 

Japanese MUSE Transmission Systems 

A range of transmission systems were developed by NHK 
based on the Multiple Sub-Nyquist Encoding (MUSE) trans- 
mission scheme (see Table 8). MUSE (8.1 MHz bandwidth) 
was developed for DBS broadcasting and MUSE-T (16,2 MHz 
bandwidth) was developed for satellite transmission. MUSE- 
6 was designed to be compatible with a 6 MHz channel and 
NTSC receivers. MUSE-9 uses a 3 MHz augmentation chan- 
nel in addition to the standard 6 MHz channel and is NTSC 
receiver-compatible. 

Japanese Hi-Vision System 

This system incorporates the 1920 x 1035 television produc- 
tion system and the-MUSE-E transmission system. MUSE-E 
uses an 8,1 MHz bandwidth, and is incompatible with stan- 
dard NTSC receivers and channel allocations. Four, audio 
channels are time-division-multiplexed with the video sig- 
nals, in the blanking intervals, The encoding and decoding 
processes are both very complex and require many very large 
scale integration (VLSI) chips. This system requires a MUSE- 
E receiver, or a set-top box equipped with a MUSE decoder 
feeding either a 16:9 display or a 4:3 aspect ratio convene 
tional receiver, In the near-term, NHK will use simultaneous 
Hi-Vision/NTSC program production. 

The MUSE systems are not receiver-compatible with ei- 
ther the North-American ATSC system or the European DVB 
system (see below). 

The Japanese Enhanced Definition Television System (EDTV-M) 

EDTV-II is an NTSC-compatible letter-box analog transmis- 
sion system standardized by the ARIB in Japan. The input 
signal is 525 line, 60-frame progressive scan (525P) with 16 : 9 
aspect ratio. 525-line, 30-frame interlaced scan (5251) can be 
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Table S. MUSE Transmission Systems 

Transmission Type of Channel Compatible 

System Transmission Bandwidth Compatible with NTSC 

MUSE Direct Broadcast by 8.1 MHz NA No 
Satellite (DBS) 

MUSE-T Satellite 16,2 MHz NA No 

MUSE-6 Terrestrial 6 MHz Yes Yes 
Broadcast 

MUSE-9 Terrestrial 6 + 3 MHz Yes, with 2nd Yes 

Broadcast Augmentation 3 MHz channel 

MUSE-E Terrestrial ■ 8.1 MHz No No 

Broadcast 



upconverted as an input signal. Note that the 525P signal is 
one of the SDTV signal formats defined in the ATSC Standard 
(720 x 480 at 60P). It is also defined as a production format 
■p SMPTE 293M and SMPTE 294M standards documents. 

Compared with the current 5251 standard, the frame rate 
has been doubled from 30 to 60. The sampling frequency in 
the format has been doubled to 27 MHz, compared to 5251, 
and the aspect ratio has been changed from 4 : 3 to 16:9. This 
increase of sampling frequency permits comparable resolution 
in H and V axes to be maintained, The production system is 
effectively an 8 : 4 : 4 digital system with production interfaces 
at 540 Mbps, 4:2:0 can also be used in production and would 
require interfacing at 360 Mbps. Horizontal blanking is 
shrunk to achieve this bit rate, ' 

. The EDTV-II analog transmission system is used for both 
terrestrial and satellite broadcasting, It requires the same 
bandwidth as the NTSC system and no changes are needed 
in transmitter implementations. The image is displayed on an 
EDTV-II receiver in a progressive manner with 480 lines and 
16 : 9 aspect ratio. It is compatible with existing NTSC receiv- 
ers, except that the display image is 16 : 9 aspect ratio and so 
appears in a letter-box format with black bars at top and bot- 
tom. The 525P signal requires a video bandwidth of approxi- 
mately 6*2 MHz. The EDTV-II system creates three enhance- 
ment signals in addition to an NTSC signal, with which they 
jure then frequency-domain-multiplexed. 

Main Picture (MP). The 525P 16:9 signal is reduced from 
6.2 MHz to 4.2 MHz bandwidth and the 480 lines are deci- 
mated to 360 lines to produce a letter-box display on the 
NTSC 4 : 3 receiver. Black bars, at top and bottom, are each 
,60 lines wide, Thus, horizontal and vertical resolution are re- 
duced to conform to the NTSC format, but to maintain the 
16 : 9 aspect ratio. 

Horizontal High (HH 4,2 MHz to 6,2 MHz), A frequency en- 
hancement signal is extracted from the original 525F image 
and is multiplexed into the MP signal to increase the hori- 
zontal bandwidth to 6,2 MHz in the EDTV-II receiver. For 
transmission, the HH signal is downshifted to 2 to 4 MHz and 
frequency-division-multiplexed into an unused vertical tem- 
poral frequency domain in the conventional NTSC system 
called the Fukinuki hole. The Fukinuki hole may only be used 
for correlated video information, which applies in this case. 



In the EDTV-II receiver, a motion detector multiplexes the 
HH signal only onto the still parts of the picture where there 
is more need for high resolution to satisfy human vision char- 
acteristics. Two enhancement signals are frequeney-division- 
multiplexed together into the top and bottom panels, which 
together occupy one-third as much area as the main picture. 
As these are generated in a 360 line format, they must be 
compressed by a 3 to 1 pixel downsampling decimation pro- 
cess to fit into the 120 lines of the top and bottom panels. 

Vertical High Frequency (VH), The VH signal enhances the 
vertical still picture resolution back up to 480 lines, The sig- J 
nal is transmitted only for stationary areas of the image, and 
temporal averaging is applied. 

Vertical Temporal Frequency (VT). The VT enhancement sig- 
nal is derived from the progressive-to-interlace scan conver- 
sion at the encoder and improves the interlace-to-progressive 
scan (360/2 : 1 to 360/1 ; I) conversion in the receiver. 1 

The EDTV-II receiver performs the reverse of the encoding 
process. The NTSC receiver uses the MP signal directly. ■, 

The European DVB System 

The Digital Video Broadcast (DVB) system has been designed 
for MPEG-2-based digital delivery systems for satellite, cable, 
community cable, multichannel multipoint distribution 
{MMDS), and terrestrial broadcasting. Service information, 
conditional access, and teletext functions are also available. 
All DVB systems are compatible. 

DVB-T, the terrestrial broadcasting standard, is similar in 
many respects to the ATSC standard. However, there are a 
number of significant differences": DVB-T uses Coded Orthog- 
onal Frequency Division Multiplexing (COFDM). This tech- 
nique is already being used for Direct Audio Broadcast (DAB). 
1,704 (2k) or 6,816 (8k) individual carriers may be used. The 
8k system is more robust, but increases receiver complexity 
and cost, Some broadcasters have already adopted the 2k sys- 
tem, although it will not be compatible with the 8k system. 
DVB-T uses the MPEG-2 Layer II Musicam audio standard, 
a 50 Hz frame rate, and aspect ratios of 4 : 3, 16 : 9, or 20 : 9. 

The European PALplus System 

This is , an analog delivery system which uses a current TV 
channel to transmit an enhanced widescreen version of the 
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PAL signal. A conventional, receiver displays the PALplus pic- 
ture as a letter-box in a 4 : 3 aspect ratio. A widescreen re- 
ceiver shows the same transmitted picture in a 16 ; 9 format 
with higher resolution. European broadcasters are divided on 
whether to use this format. The PALplus concept is closely 
similar to the Japanese EDTV JI format, described above. 
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TELEVISION, DIGITAL See Digital television. 
TELEVISION, INTERACTIVE. See Set-top boxes. 
TELEVISION PICTURE TUBES. See Cathode-hay 

TUBES. 

TEMPERATURE MEASUREMENT, See Thermocouples. 



